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ABSTRACT
The in f lu e n c e  of th e  o rg a n o c h lo r in e  i n s e c t i c i d e s  d i e l d r i n  and 
DDT on th e  norm al developm ent of c a rb o h y d ra te  and l i p i d  m e tab o lism  
i n  th e  n e o n a ta l  r a t  was s tu d ie d  u s in g  m easurem ents oL th e  in  v i t r o  
a c t i v i t y  of h e p a t ic  enzym es, and p lasm a and h e p a t ic  m e ta b o l i t e s ,  
d u r in g ,  and su b se q u e n t t o ,  th e  s u c k l in g  p e r io d ,  a f t e r  m a te rn a l 
f e e d in g  of DDT (20ppm) o r d i e l d r i n  (2ppm ). The in f lu e n c e  o f s h o r t  
te rm  in s e c t i c i d e  expo su re  on th e  r a t e  of g lu c o se  tu rn o v e r  i n  v i v o , 
and g lu e  one ogene s i s  i n  th e  p e r fu s e d  l i v e r  w ere a l s o  in v e s t ig a te d *
In  a d d i t io n ,  th e  p h a rm a c o k in e tic s  of th e s e  compounds i n  m a te rn a l 
and n e o n a ta l  t i s s u e s ,  w ere i n v e s t ig a t e d .
The e f f e c t s  of d i e l d r i n  on th e  norm al d ev e lo p m en ta l changes 
o c c u rr in g  in  th e  n e o n a te  were n o t l a r g e ,  and d id  n o t  p e r s i s t  beyond 
th e  e a r ly  p o s t-w e a n in g  p e rio d #
DDT in d u ced  l a r g e r  m o d if ic a t io n s  i n  th e  d ev e lo p m en ta l patrfcern 
of some enzym es, w hich w ere s t i l l  e v id e n t  a t  10 w eeks o f a g e . 
However, th e y  had la r g e ly  d is a p p e a re d  by  20 weeks# An h y p o th e s is  
b a se d  on a  d is tu rb a n c e  by DDT of th e  i n s u l i n  /  g lu c ag o n  /  c y c l i c  
AMP system  was d e v e lo p e d , b u t was n o t  su p p o r te d  by f u r t h e r  c h ro n ic  
o r a c u te  ex p o su re  s tu d ie s #
I t  was shown t h a t  b o th  DDT and d i e l d r i n  accu m u la ted  r a p id l y
i n  m a te rn a l t i s s u e s .  A lthough  th e  f o e tu s  re c e iv e d  some i n s e c t i c i d e  
v i a  th e  p la c e n ta ,  t h i s  t i s s u e  ap p ea red  to  s e rv e  a  p r o t e c t i v e  f u n c t i o n ,  
and th e  h ig h e s t  expo su re  o c c u rre d  i n  th e  p o s t - n a t a l  p e r i o d ,  due t o  
th e  h ig h  r a t e  o f s e c r e t io n  of th e s e  compounds i n t o  m ilk*
The u se  of d ev e lo p m en ta l enzyme p a th o lo g y  a s  a  p r e d i c t i v e  t o o l  
i n  to x ic o lo g y  was d is c u s s e d ,  w ith  p a r t i c u l a r  r e f e r e n c e  t o  th e  need  
f o r  e a r ly  m ark e rs  f o r  to x ic  e f f e c t s #
I t  was co n c lu d ed  t h a t  th e  o rg a n o c h lo r in e  i n s e c t i c i d e s ,  a l th o u g h  
v e ry  p e r s i s t e n t ,  may n e v e r th e le s s  c o n tin u e  t o  he o f g r e a t  v a lu e  i f  
u sed  r e s p o n s ib ly ,  and may be s a f e r  th a n  th e  more r e c e n t l y  fa v o u re d  
o rganophosphorus and carbam ate i n s e c t i c i d e s #
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INTRODUCTION
I N T R O D U C T  I O N
1 .1  DEVELOPMENT OF INSECTICIDES
1 .1 .1  G enera l
The developm ent o f a g r i c u l t u r e ,  ab o u t 10 ,000  y e a r s  a g o , marked an  
im p o r ta n t s te p  in  th e  c i v i l i s a t i o n  of man, and a llow ed  a  la r g e  in c re a s e  
i n  th e  number of p eo p le  a  g iv en  a re a  of la n d  cou ld  s u p p o r t ,  le a d in g  t o  
an  in c re a s e  in  th e  human p o p u la tio n  w hich h as  co n tin u ed  t o  th e  p r e s e n t  
d a y . However, c u l t i v a t i o n ,  and in  p a r t i c u l a r ,  m o n o c u ltu re , t h a t  i s  
th e  grow ing of one ty p e  of c ro p , can  le a d  to  v e r j’- heavy l o s s e s ,  s in c e  
a  p e s t  w hich i s  i d e a l l y  s u i te d  to  th e  c ro p  can  have a  d e v a s ta t in g  
e f f e c t  on y i e l d s .
A lthough  th e r e  a re  s c a t t e r e d  r e p o r t s  of th e  u se  of to x i c  c h e m ic a ls  
to  c o n t ro l  p e s ts  in  h i s t o r i c  t im e s ,  th e  f i r s t  w idesp read  a p p l i c a t io n  
was of im pure co p p er a r s e n i t e ,  c a l le d  P a r i s  G reen , in  an a t te m p t t o  c o n t r o l  
th e  C olorado  B e e t le  5 w hich  was ca u s in g  immense d e s t r u c t io n  o f th e  U .S . 
p o ta to  c ro p  in  th e  1860s..
I t  was n o t  u n t i l  th e  2 0 th  c e n tu ry  t h a t  o rg a n ic  c h e m is try  was 
s u c c e s s f u l ly  a p p l ie d  t o  a g r i c u l t u r e ,  w hen, around  th e  tim e  of th e  Second 
W orld W ar, th e r e  w ere th r e e  m ajor b re a k th ro u g h s . The f i r s t  o f  th e s e  
was th e  d is c o v e ry  of th e  i n s e c t i c i d a l  a c t io n  o f DDT, and l a t e r  th e  o th e r  
o rg a n o c h lo r in e  compounds;- seco n d ly  th e  a c e ty lc h o l in e s te r a s e  i n h i b i t o r s
of th e  o rganophosphorus g ro u p , w hich were s y n th e s is e d  i n  Germany by 
S c h ra d e r  d u r in g  r e s e a r c h  in to  new p o iso n o u s g a se s  f o r  w a r f a r e ,  and 
t h i r d l y  th e  d is c o v e ry  of th e  h e r b ic id e s  such  a s  2 ,4 -d ic h lo ro p h e n o x y a c e tic  
a c id  (2  ,4 —H) , and 2—me th y  1—4 —c h lo ro p h e n o x y a c e tic  a c id  (MOPA;) , w hich  resem ble 
c e r t a i n  n a t u r a l  p la n t  grovrfch r e g u la to r s .
I n s e c t i c id e s  now form  an im p o rta n t p a r t  of m an 's arm oury  a g a in s t  
p e s t s ,  w hich a l s o  in c lu d e s  h e r b ic id e s ,  f u n g ic id e s ,  r o d e n t i c i d e s ,  and 
many o t h e r s , and th e  o rg a n o c h lo r in e  i n s e c t i c i d e s  form  a  su b g ro u p  o f t h i s  
ty p e  of compound.
1 .1 .2 .  D iscovery  of C h lo r in a te d  H ydrocarbon I n s e c t i c id e s
The f i r s t  of th e s e  in s e c t i c i d e s  to  be s y n th e s is e d  was DDT, 
( d ic h lo r o d ip h e n y l t r i c h lo r o e th a n e ) , by Z e id le r  i n  Germany i n  1874,
(von B a e y e r e t  a l . ,  1 8 7 4 ). As s y n th e s i s e d , DDT i s  a m ix tu re  of th r e e  iso m e rs ,
known as  te c h n ic a l  DDT, v a ry in g  in  th e  p o s i t i o n s  o f th e  tw o c h lo r in e  atoms
on th e  two ph en y l r i n g s .  The p redom inan t iso m er i s  p ,p * —DDT, w hich
makes up 65-73 p e r  c e n t  of th e  t o t a l ,  w h ile  m ost o f  th e  re m a in d e r  (19 -21  p e r  c e n t )
i s  o ,p ' -DDT, w ith  a  sm a ll amount of 0 , 0 '-DDT.
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However, i t  was n o t  u n t i l  1936 t h a t  P au l M h lle r in  S w itz e r la n d  
d is c o v e re d  th e  p o te n t  i n s e c t i c i d a l  p r o p e r t i e s  of t h i s  compound, (M ü lle r , 1 9 5 5 ), 
f o r  w hich he r e c e iv e d  th e  N ohel p r iz e  in  1948, and in  th e  fo llo w in g  te n  
y e a r s  i t s  u se  r e v o lu t io n i s e d  th e  c o n t ro l  o f i n s e c t  p e s t s , b o th  in  
a g r i c u l tu r e  and human d is e a s e  c o n t r o l .  D uring  th e  l a t t e r  p a r t  of th e  w a r , 
i t  was u sed  e x te n s iv e ly  t o  c o n t ro l  d is e a s e  v e c to r s  w hich th r e a te n e d  to  
g e n e ra te  pandem ics among b o th  th e  m i l i t a r y  and c i v i l i a n  p o p u la t io n ,
(M ü lle r ,  1 9 5 9 ), such  a s  in  I t a l y  in  1944, when s e v e ra l  m i l l i o n  peo p le  
w ere d u s te d  w ith  DDT pow der, s u c c e s s f u l ly  c o n t r o l l i n g  a  th r e a te n e d  ty p h u s  
ep idem ic , and im m ed ia te ly  a f te rw a rd s  was used  to  g r e a t  e f f e c t ,  b o th  i n  
in c r e a s in g  a g r i c u l t u r a l  e f f i c i e n c y ,  and in  c o n t r o l l i n g  some of th e  m ost 
d e b i l i t a t i n g  d is e a s e s  of man, such as m a la r ia ,  y e llo w  f e v e r , e n c e p h a l i t i s , 
o n c h o c e r c ia s is ,  c h o le r a ,  and Roc M ountain s p o tte d  f e v e r .  As an 
in d i c a t i o n  of i t s  su c c e s s  in  t h i s  l a t t e r  r o l e ,  i t  h as  been  e s tim a te d  
(W rig h t, 1971) t h a t  DDT has e l im in a te d  th e  t h r e a t  of m a la r ia  to
a p p ro x im a te ly  1000  m i l l io n  peo p le  in  th e  w o rld  to d a y .  In  C ey lo n , w here
by 1954, m a la r ia  seemed to  be u nder c o n t r o l ,  sp ra y in g  was g r a d u a l ly  
re d u c e d , u n t i l  by 1 9 6 4 , on ly  17 c a se s  w ere  r e p o r te d  and th e  u se  o f DDT
c e a s e d . As a  r e s u l t  o f t h i s  w ith d raw a l o f use- i n  1968, t h e r e  w e re
1 m i l l io n  cases: of m a la r ia  i n  Ceylon (Gunn, 3 9 7 5 ).
D uring  th e  . a r ,  th e  i n s e c t i c i d a l  a c t io n  of benzene h e x a c h lo r id e  (BHC)
(v a r io u s  isom ers of l ie x a c b lo ro c jc lo h e x a n e )  was d is c o v e re d ,  th e  a c t iv e  
iso m er b e in g  gamsia-BEC, o r l in d a n e ,  and in  th e  fo llo w in g  15 y e a rs  many 
more s im i la r  compounds were d is c o v e re d , m a in ly  of th e  DDT t y p e , such a s  
D ie of o l and m e th o x y c h lo r , and th e  c y c lo d ie n e s ,  such a s  a l d r i n ,  a l d r i n  epoxide 
( d i e l d r i n ) ,  e n d r in  and h e p ta c h lo r .  The c y c lo d ie n e s  s h a re  i n  common a 
c h lo r in e  s u b s t i tu t e d  hexene r in g  w ith  a  s u b s t i t u t e d  m e th y len e  b r id g e ,  
making th e  n o rb o rn en e  n u c le u s ,  w ith  o th e r  g roups a t ta c h e d .
D ie ld r in
( 1 ,2  , 3 ,4 ,1 0 ,1 0 -h e x ach lo ro -^ 6 ,7 -ep o x y -l ,4 , 4 a ,5 , 6 , 7 , 8 , 8a -o c ta h y d ro -e x o -
1 ,4 -e n d  0- 5 , 8-dim e th a n o n a p h th a le n e )
1 .1 .3  R e s t r i c t i o n s  on Use
These compounds w ere i n i t i a l l y  h e ra ld e d  a s  a lm o st i d e a l  i n s e c t i c i d e s , 
s in c e  th e y  were r e l a t i v e l y  c h e a p , easy  to  fo rm u la te  and a p p ly ,  were 
b io l o g ic a l ly  p e r s i s t e n t ,  making them e f f e c t i v e  f o r  lo n g  p e r io d s  of t im e ,  
and had a s p e c i f i c  i n s e c t i c i d a l  a c t io n .  However, w ith in  20  y e a r s ,  th e y  
had become n o to r io u s  f o r  t h e i r  t o x i c i t y  to  w i l d l i f e ,  p e r s i s t e n c e ,  and 
p o t e n t i a l  to x ic  h a z a rd  to  man. P ro d u c tio n  o f DDT in c re a s e d  u n t i l  th e  e a r ly
1 9 6 0 s, when a d v e rse  p u b l i c i t y ,  com bined w ith  grow ing i n s e c t  r e s i s t a n c e ,  
l e d  to  i t s  d e c l i n e , in  th e  w e s te rn  w orld  a t  l e a s t .  T h is  tim e  a l s o  
c o in c id e d  w ith  th e  in v e n tio n  of th e  e l e c t r o n  c a p tu re  d e t e c t o r ,
(L ovelock  and L ip sk y , I960) w h ich , when com bined w ith  th e  gas l i q u i d
ch ro m a to g rap h , e n a b le d  DDT c o n c e n tr a t io n s  o f a  m i l l io n th  o f t h a t  p r e v io u s ly
d e te c ta b le  to  be m easu red , (Zw eig, 1970) and i t s  g e n e ra l  u b iq u i ty
became a p p a r e n t .  T h is  c u lm in a ted  in  th e  b an n in g  i n  th e  U .S .A . o f DDT
by  th e  E n v iro n m en ta l P r o te c t io n  Agency in  1971, e x c e p t f o r  v e ry
s p e c i a l i s e d  u s e ,  c lo s e ly  fo llo w ed  by a l d r i n  and d i e l d r i n ,  due t o  f e a r s
o v er t h e i r  ad v e rse  e f f e c t s  on th e  en v iro n m e n t. Europe h a s  l a r g e ly
fo llo w e d  s u i t  i n  b a n n in g , o r  s e v e re ly  r e s t r i c t i n g  th e  u se  o f th e  o rg a n o c h lo r in e
i n s e c t i c i d e s .  These compounds a re  s t i l l  w id e ly  used in  th e  u n d erd ev e lo p ed
w o r ld , p a r t i c u l a r l y  i n  in s e c t -b o rn e  d is e a s e  c o n t ro l  program m es, w here no
compound cap a b le  of r e p la c in g  DDT has b een  found  (W ilso n , 1 9 7 0 ) .
1 .2  MODE OF ACTION
1 .2  .1  D ieh l o r od ip h e n y l t r i c h l  o roe thane
There i s  l i t t l e  d o u b t t h a t  th e  a c u te  to x ic  a c t io n  o f  DDT i s  due t o  
e f f e c t s ,  on th e  n e rv o u s  system - F o r i n s t a n c e , i n  r a t s  t r e a t e d  w ith  DDT, 
th e  c o n c e n tr a t io n  in  th e  b r a in  i s  d i r e c t l y  p r o p o r t io n a l  t o  th e  s e v e r i t y  
of g ro s s  s ig n s  o f p o is o n in g  (Dale e t  a l . ,  1 9 6 3 ), and i t  h a s /b e e n  shown
t h a t  DDT h in d s  to  th e  n erv e  membrane, i n t e r f e r i n g  w ith  io n  movement in  
and o u t of th e  ax o n . I t  w i l l  a l s o  i n t e r f e r e  w ith  o th e r  membrane sy s te m s , 
i n h i b i t i n g  o x id a tiv e  p h o sp h o ry la t io n  in  m ito c h o n d ria  and th e  H i l l  r e a c t io n  
i n  c h l o r o p l a s t s .  E o lan  ( l9 6 9 )  h as  p u t fo rw ard  an  h y p o th e s is  to  e x p la in  
th e s e  d i s p a r a te  r e s u l t s ,  t h a t  DDT e x e r t s  a  g e n e ra l  e f f e c t  on membranes, 
due to  i t s  h ig h  l i p o p h i l i c i t y , b u t i t s  m o le c u la r  a r c h i t e c t u r e  i s  such 
t h a t  i t  i s  p a r t i c u l a r l y  a c t iv e  on th e  ax o n a l membrane. By s y n th e s is in g  
v a r io u s  an a lo g u es  of DDT, E o lan  (1969, 1971) deduced t h a t  a l l  i n s e c t i c i d a l l y  
a c t iv e  compounds of t h i s  ty p e  resem ble  m o le c u la r  w edges, t h e  apex  b e in g
form ed by th e  -CCI in  DDT, a lth o u g h  i t  seemed t h a t  th e  d im en sio n s w ere
:
more im p o rta n t th a n  th e  a c tu a l  chem ical group* I t  was p o s tu la te d  t h a t  
th e  b ase  of th e  wedge b in d s  to  th e  p r o te in  p o r t io n  o f th e  a x o n a l membrane,- 
w h ile  th e  apex keeps th e  g a te  open f o r  th e  sodium  io n s ,  th u s  i n t e r f e r i n g  
w ith  th e  io n ic  b a s i s  of norm al axonal c o n d u c t io n . T h is  th e o iy  h as  b een  
su b se q u e n tly  r e f in e d  (Lee e t  a l . ,  1977; C oats  e t  a l . ,  1 9 7 7 ) , s u g g e s tin g  
t h a t  th e  optimum a l i p h a t i c  volume i s  d ependen t on  th e  sum o f  th e  volum es 
o f th e  a ro m a tic  s u b s t i t u e n t s ,  and t h a t  e f f i c a c i e s  o f a ro m a tic  s u b s t i tu e n t s  
depend on th e  a l i p h a t i c  m o ie ty , as  w e ll  a s  th e r e  b e in g  minimum and 
maximum l i m i t s  to  th e  volume re q u ir e d  f o r  t o x i c i t y .  I t  h a s  a ls o  beeai 
su g g e s te d  by l^Iatsumura and P a t i l  ( l9 6 9 ) t h a t  i n h i b i t i o n  o f  a  s p e c i f i c  
membrane-bound a d en o s in e  t r ip h o s p h a ta s e  (ATPase) a s s o c ia t e d  w ith
m a in ta in in g  th e  io n ic  g r a d ie n ts  a c ro s s  th e  n e rv e  axon i s  in v o lv e d  in  th e  
i n s e c t i c i d a l  a c t io n  of DDT- However, d e s p i t e  a l l  th e  r e s e a r c h  c a r r i e d  
o u t in  t h i s  f i e l d ,  i t  i s  s t i l l  n o t  p o s s ib le  t o  say  e x a c t ly  how DDT a c t s  
a t  th e  m o le c u la r  l e v e l .
A t a  p h y s io lo g ic a l  l e v e l ,  th e  e f f e c t  o f DDT on n e rv e -m u sc le  system s 
i s  h y p e r e x c i t a b i l i t y .  W hereas in  norm al n e r v e ,  one s t im u lu s  le a d s  to  one 
m u scu la r r e s p o n s e ,  p o iso n ed  organism s undergo  m u l t ip le  u n c o n t ro l le d  
sp asm s. A f te r  o r a l  a d m in is t r a t io n  of a  la r g e  s in g le  dose  o f DDT to  r a t s ,  
th e r e  i s  a  l a t e n t  p e r io d  of abou t 2 h o u r s , a f t e r  w hich tre m o rs  b e g in ,  
to g e th e r  w ith  e p iso d e s  of c lo n ic  c o n v u ls io n s .  Body te m p e ra tu re  r i s e s  
c o n s id e ra b ly  (H enderson and W oolley , 1970; H rd in a  e t  a l . ,  1 9 7 1 b ), and 
d e a th  o ccu rs  a f t e r  f iv e  to  e ig h t  h o u rs  (H enderson and W o o lley , 1970;
H rd in a  e t  a l . , 1971a) r e s u l t i n g  from  r e s p i r a t o r y  f a i l u r e  i n  ex trem e 
e x h a u s t io n ,  in  a d d i t io n  to  th e  h y p e r th e rm ia . I t  i s  on ly  th e  p , p ‘ isom er 
w hich  h as  t h i s  n e u ro to x ic  a c t io n  (H rd ina e t  a l . ,  1 971b ). I n  a d d i t io n  
to  d i r e c t  e f f e c t s  on p e r ip h e r a l  n e r v e s ,  r e c e n t  r e s e a rc h  h a s  shown 
a l t e r a t i o n  i n  l e v e l s  and m etabo lism  of c e r t a i n  b io g e n ic  am ines i n  d i s c r e t e  
a r e a s  o f th e  b r a i n ,  w ith  re d u c t io n s  i n  a c e ty lc h o l in e  (ACh) i n  th e  
c e r e b r a l  c o r te x  and s t r i a tu m ,  n o ra d re n a l in e  (NA) i n  th e  b r a in s te m ,  w h ile ; 
s t r i a t a l  dopam ine (DA) and b ra in s te m  5 -h y d ro x y try p ta m in e  (5-HT) rem a in  
unchanged a lth o u g h  tu rn o v e r  in c re a s e d ,  and b ra in s te m  5 -h y d ro x y in d o le a c e t ic
a c id  ( s h i m ) ro s e  (H rd ina  e t  a l . ,  1975 ). S in ce  i n h i b i t i o n  of 5-HT s y n th e s is  
b lo c k ed  th e  h y p e rth e rm ic  e f f e c t  of DDT, t h i s  su g g es ted  t h a t  th e  in c re a s e  
i n  tu rn o v e r  of 5-HT may u n d e r l ie  th e  in c re a s e  i n  body te m p e ra tu re  as 
h a s  been  su g g es ted  i n  o th e r  s i t u a t io n s  by R eid  e t  a l . ,  ( l9 6 8 )  and R eid ( l9 7 0 ) 
I t  i s  th o u g h t t h a t  th e  f a l l  i n  ACh i s  r e l a t e d  t o  th e  tre m o rs  seen  a f t e r  
DDT, s in c e  th e  change i s  found in  th e  c e r e b r a l  c o r te x  and s t r i a tu m ,  a re a s  
of th e  b r a in  kno^vn t o  be in v o lv ed  in  m otor f u n c t io n .
1 .2 .2  C y c lo d ien es
The mode of a c t io n  of th e  c y c lo d ie iie  i n s e c t i c i d e s  i s  l e s s  w e ll 
u n d e rs to o d , a lth o u g h  th e y  a ls o  a c t  on th e  n ervous sy s te m , p ro b a b ly  more 
c e n t r a l l y  th a n  DDT, w hich i s  ab le  to  a f f e c t  p e r ip h e r a l  n e r v e s .  As f o r  
DDT , some, i n h i b i t i o n  of r a b b i t  b r a in  ATPaseES. h a s  b een  o b se rv ed  in  v i t r o  
(K och, 1 9 6 9 ), a t  c o n c e n tra t io n s  above ab o u t I  ppm- I t  i s  a l s o  p o s s ib le  
t h a t  c o n v e rs io n  to  an a c t iv e  form  i s  r e q u i r e d  (Wang e t  a l . ,  1 9 7 l) s i n c e ,  
i n  th e  c o ck ro a ch , when a p p l ie d  d i r e c t l y  o n to  th e  m e ta th o ra c ic  g a n g lio n , 
d i e l d r i n  e x e r t s  i t s  e f f e c t  a f t e r  a lo n g  la te n c y  o f a b o u t 60 m in u te s , 
w h e re a s , t r a n s -d ih y d ro x y d ih y d ro a ld r in  5 a  m e ta b o li te  h a s  a  r a p id  and 
p o te n t  e f f e c t ,  s t im u la t in g  th e  synapse w i th in  5 -10  m in u te s .  The symptoms 
seen  w ith  t h i s  ty p e  of compound a re  s im i l a r  t o  th o s e  g iv e n  by DDT, nam ely 
h y p e r e x c i t a b i l i t y  and c o n v u ls io n s  t h a t  le a d  u l t im a te ly  t o  e x h a u s tio n .
d e p re s s io n ,  and d e a th  (Hodge e t  a l . , 1967; Stohlm an e t  a l . ,  1950;
S t .  Omer and E co h ich o n , 1 9 7 l) .  These e a r l i e r  r e p o r t s  i n d i c a te d  t h a t  th e  
c y c lo d ie n e s  had a  s im i la r  n e u ro to x ic  a c t io n  t o  DDT. H ow ever, r e c e n t  w ork 
by  H rd in a  e t  a l . ,  ( l9 7 4 )  showed t h a t  t r e a tm e n t  w ith  d i e l d r i n ,  e n d r in  and 
o th e r  c y c lo d ie n e s ,  r e s u l t e d  in  marked h y p o th e rm ia , and o n ly  s l i g h t  tre m o rs  
w ere s e e n . B ra in s te m  NA f e l l  r a p id ly  c o in c id in g  w ith  th e  f a l l  i n  body 
te m p e ra tu re ,  5-HT was unchanged w h ile  5HIAà r o s e .  S in ce  th e  b a lan ce ; 
betw een  5-HT and NA i s  th o u g h t to  be im p o r ta n t in  r e g u la t in g  body te m p e ra tu re  
(F e ld b e rg  and Kfyers, 1 9 6 3 ), changes i n  th e s e  compounds c o u ld  e x p la in  th e  
changes i n  body te m p e ra tu re  o b se rv ed . The su b seq u en t in c r e a s e  i n  5HIAA 
may be c o n s id e re d  an in d i c a to r  of enhanced 5-HT tu rn o v e r  ( P e te r s  e t  a l » ,  1972a) , 
w hich  m ight be se c o n d a iy  to  th e  hypo therm ic  r e s p o n s e , and co u ld  be  due 
t o  some com pensa tory  mechanism t r ig g e r e d  by th e  f a l l  i n  body te m p e ra tu r e .
1 .2  .B R e s is ta n c e
R e s is ta n c e  to  c h lo r in a te d  h yd rocarbon  in s e c t i c i d e s  can  o ccu r by  a  
v a r i e t y  of m echanism s. Exposure to  s u b le th a l  d o ses  le a d s  t o  in d u c t io n  
o f h e p a t ic  m icrosom al mixed fu n c t io n  o x id a se  enzym es, a l lo w in g  in c r e a s e d  
m e tab o lism  of th e  i n s e c t i c i d e ,  th u s  p r o te c t in g  th e  i n s e c t .  T h is  i s  a  
s o - c a l l e d  p o s t - a d a p t iv e  m echanism , w h ich  c a n n o t be i n h e r i t e d .
Fem ale i n s e c t s  may have a  h ig h e r  to le r a n c e  due t o  c o m p artm e n ta tio n  of
th e  i n s e c t i c i d e  i n  t h e i r  l a r g e r  l i p i d  s t o r e s ,  a s  has h een  shown w ith  DDT 
i n  th e  A m erican Cocloroach, (Brown, 1971.)^
A lthough  d i f f e r e n t  r a t e s  of up tak e  of DDT have a l s o  b e e n  c la im ed  
to  be a s s o c ia te d  w ith  r e s i s t a n c e ,  most r e s i s t a n t  s t r a i n s  owe t h e i r  s u r v iv a l  
to  t h e i r  a b i l i t y  to  d e to x ify  DDT. The m ost im p o r ta n t r o u te  in  r e s i s t a n t  
i n s e c t s  ap p ea rs  to  be d e h y d ro c h lo r in a t io n  o f DDT to  DDE by DDT d e h y d ro c h lo r in a s e  , 
(DDTase) , a  c y t o s o l i c ,  te t r a m e r ic  enzym e, (Khan and T e r r i  e r e , 1968;
D inam arca e t  a l . , 1971)•
F o r th e  c y c lo d ie n e  ty p e  of i n s e c t i c i d e ,  th e  mechanism o f r e s i s t a n c e  
i s  l e s s  w e ll  u n d e rs to o d , b u t by e x c lu d in g  o th e r  p o s s i b i l i t i e s ,  r e s i s t a n c e  
t o  d i e l d r i n  may be due to  reduced  s e n s i t i v i t y  o f th e  s i t e  o f  a c t i o n ,  s in c e  
th e r e  i s  l i t t l e  ev id en ce  t h a t  r e s i s t a n t  s t r a i n s  of i n s e c t s  e i t h e r  ta k e  
up l e s s ,  o r  d e to x if y  m ore, d i e l d r i n  th a n  s u s c e p t ib le  ones (B ro o k s , 196EB;
Brown, 1971; N a ra h a s h i , 19 7 1 ). Pathw ays o f m etabo lism  a r e  d is c u s s e d  l a t e r .
1 .2 .4  A cute T o x ic i ty
A lthough  c h lo r in a te d  hydrocarbon  i n s e c t i c i d e s  have a  f a i r l y  s p e c i f i c  
i n s e c t i c i d a l  a c t i o n ,  w ith  a  to p i c a l  ID50  f o r  DDT i n  th e  h o u s e f ly  o f  14pg/g  
(M e tca lf  e t  a l . ,  1 9 7 l ) ,  and f o r  d i e l d r i n  Ip g /g  (B uchel e t  a l . ,  1 9 6 6 ), in  
meimmals, la rg e  d o ses  p roduce a  v a r i e ty  of to x ic  e f f e c t s ,  a s  d e s c r ib e d  
a b o v e , w hich e v e n tu a l ly  le a d  to  d e a th .  O ra l LD^q v a lu e s  have b een  d e te rm in ed
f o r  th e s e  compounds in  a  number of s p e c ie s ,  and th e s e  a re  sum m arised in  T ab le  1 .1 .  
On th e  w hole th e  c y c lo d ie n e s  a re  th e  m ost t o x i c ,  w h ile  m e th o x y c h lo r , a  
l e s s  p e r s i s t e n t  ana lo g u e  of DDT shows one of th e  lo w es t a c u te  t o x i c i t i e s .
Fem ales a re  g e n e r a l ly  l e s s  s u s c e p t ib le  th a n  m a le s , e x c e p t f o r  e n d r in  and 
h e p ta c h lo r  (H rd ina  e t  a l . ,  19 7 5 ). In  a d d i t i o n ,  young a n im a ls  a r e  much 
l e s s  s e n s i t i v e  to  th e  to x ic  e f f e c t s  of DDT th a n  a d u l t s ,  w h ile  f o r  a l d r i n  
and d i e l d r i n  th e  r e v e r s e  i s  t r u e  (Hodge e t  a l . ,  1 9 6 7 ). In  man, a lth o u g h  
o f co u rse  ID50  v a lu e s  have n o t been  d e te rm in e d , a c c id e n ta l  in g e s t io n  o f  
d o ses  as  h ig h  a s  5 -2 Og of DDT have been  t o l e r a t e d  (H ayes, 1 9 5 9 ) , w h i le  
work on b ab o o n s , com bined w ith  in c id e n ts  o f f a t a l  p o is o n in g s  t h a t  have 
o c c u rre d  in  man, have g iv e n  a v a lu e  f o r  th e  IDgg of 150m g/kg, i n  k e ro sen e  
(Brown, 1951)•
TABLE 1 .1
A cute O ral T o x ic i t i e s  of some C h lo r in a te d  H ydrocarbon I n s e c t i c i d e s  in
V ario u s  S p e c ie s
COMPOUND SPECIES ORAL LDsnmg/kg REFERENCES
DDT Mice 400 D ra ize  e t  a l . ,  1944.
R a ts  (Newborn) 4000 Lu e t  a l . ,  1 9 6 5 .
R a ts  (lO  Days) 728 H enderson & W oo lley  , 11969*
R a ts  (A d u lt) 195 Lu e t  a l . - ,  19 6 5 .
R a ts  (A d u lt) 400 O’B r ie n ,  1 967 .
G uinea p ig s 400 D ra ize  e t  a l . ,  1944.
R a b b its 300 K onst & Pluinm er, 1946.
Monkeys 200 B ish o p p , 1 946 .
M ethoxychlor R a ts 6000 M e tc a lf ,  1955 *
D ie ld r in Mice 75 C la rk e  & C la rk e  , 119.67 .-
R a ts 46 G a in e s ,  1 9 6 0 .
E n d rin Mice 2 .9 8 Webb & H o rsfa l l ,  1970.
R a ts male 1 7 .8  >
< G a in e s , 1960,
fem ale 7 .5
1.3 METABOLISM
1 .3 .1  DDT
A lthough  c h lo r in a te d  hyd rocarbon  i n s e c t i c i d e s  a re  r e l a t i v e l y  r e s i s t a n t  
t o  d e g ra d a t io n ,  i t  h as  g ra d u a l ly  been  r e a l i s e d  t h a t  m etabo lism  does occur 
t o  a c o n s id e ra b le  e x t e n t ,  a lth o u g h  d e t a i l s  o f th e  pathw ays rem a in  to  be 
e lu c id a te d  in  many c a s e s .  O fte n , i t  i s  n o t  e a sy  to  d e te rm in e  i n  s i t u a t i o n s  
such  a s  on p la n t  s u r f a c e s  o r in  th e  s o i l ,  w h e th e r th e  t r a n s fo rm a t io n s  observ ed  
a re  sp o n ta n e o u s , p h o to c h e m ic a l, c h e m ic a lly  c a ta ly s e d ,  o r enzym ic o r a  
co m b in a tio n  of t h e s e ,  s in c e  th e  same end p ro d u c ts  f r e q u e n t ly  r e s u l t .
The th r e e  most common d e g ra d a tiv e  r o u te s  f o r  DDT a re  deh y d ro c h lo r in a t io n  
t o  DDE, o x id a tio n  t o  d ic o f o l  and o th e r  compounds n o t y e t  i d e n t i f i e d ,  and 
r e d u c t iv e  d e c h lo r in a t io n  to  DDD. The m ain pathw ays a re  shown b e lo w :—
DDT
:CH-CCl3
DICOFOL
c ( oh) c c i
DDE
:c=cci.
DDD
:CHCHC1„I
DDMIT
ZC=CEC1
DDMS
ZCHCH^Cl
DDNU 
=C=CH2I
DDOH
ZCECH_OE
DDA
ZCHCOOH
The m etab o lism  of DDE to  DDMÜ i s  v e ry  slow  in  many s p e c ie s ,  w hich 
e x p la in s  th e  lo n g  h a l f - l i f e  of DDE, w hereas DDD i s  r e a d i l y  form ed i n  
man, and in g e s te d  DDD co n v e rte d  r e a d i ly  t o  DDA (Morgan and R oan, 19711). 
The o x id a tiv e  pathw ay to  d ic o fo l  a p p e a rs  t o  on ly  o ccu r i n  i n s e c t s ,
(A gosin e t  a l ,  1 9 6 1 ), and s e v e ra l  in s ta n c e s  o f i n s e c t  r e s i s t a n c e  to  
DDT have s in c e  been  d isc o v e re d  w hich r e l y  on t h i s  o x id a t iv e  d e g ra d a tio n  
r a t h e r  th a n  d e h y d ro c h lo r in a t io n .  A rom atic  r in g  h y d ro x y la t io n  h as  on ly  
been  d em o n stra ted  in  a  r e s i s t a n t  s t r a i n  of g r a in  w e e v i l ,  w hich e x c re te s  
a  com plex g lu c o s id e  of 4 -hydroxy  and 3 -h y d ro x y -4 -c h lo ro  b e n z o ic  a c i d s ,  
(Rowlands and L lo y d , 1 9 6 9 ).
1.-3.2 C y c lo d ien es
The c y c lo d ie n e s  such  as  a l d r i n  and d i e l d r i n  a re  c h a r a c te r i s e d  by  
th e  s t a b i l i t y  o f th e  n o rbo rnene  n u c le u s ,  b u t  g ra d u a l a t t a c k  by h e p a t ic  
mixed fu n c t io n  o x id a se s  i s  now known to  o c c u r ,  le a d in g  t o  a  v a r i e t y  o f 
com plex m e ta b o li te s  (H ea th , 1962; H eath  and V an d ek ar, 1 9 6 4 ) , a l th o u g h  
th e  c h ie f  m e ta b o li te s  in  mammals seem to  be th e  d i o l ,  and  d ic a rb o x y l ic  
a c id s  p roduced  by c le a v a g e  o f th e  n u c le u s  and th e  9 -hyd roxy  d e r iv a t iv e  
p roduced  from  th e  e p o x id e , (B aldw in , 1971; R ic h a rd so n  and  R o b in so n , 1971; 
Oda and M ü lle r ,  1 9 7 2 ). S ince  a l d r i n  i s  r e a d i ly  c o n v e r te d  by e p o x id a tio n  
t o  d i e l d r i n ,  t h e i r  m e ta b o lic  f a t e s  a re  s im i l a r  (D a tta  e t  a l , ,  1 9 6 5 ).
In  r a t s ,  ab o u t 90^ of a  d i e l d r i n  dose i s  e x c re te d  as. h y d ro p h il ic ,  m e ta b o li te s  
i n  th e  f a e c e s ,  and ab o u t 10^ in  th e  u r in e  (H eath and V an d ek ar,. 1964;
Ludwig e t  a l . ,  1 9 6 4 ). The c h ie f  f a e c a l  m e ta b o li te  i a ,  a. monohydroxy 
s u b s t i t u t i o n  p ro d u c t (S ic h a rd sc n  e t  a l . ,  1 9 6 8 ). In  r a b b i t  u r i n e ,  85/^ 
o f th e  t o t a l  c o n s i s t s  of one o f th e  two en an tio m o rp h ic ; iso m e rs  o f  
t r a n s -6 ,7 -d ih y d ro x y —d ih y d r o - a ld r in  ( t r a n s d i o l )  (Ludwig e t  a l . - ,  1966;:
K o r te , 1 9 6 7 ). The m ajo r m e ta b o lic  pathw ays a re  sum m arised below  
(B ro o k s , 19 7 4 ).
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FIGURE 12. iMetabolic conversions o f  aldrin, dieldrin and photodieldrin. H = housefly; I = other insects; m =  
microorganisms; mi = mice; mo = mosquito; Pi = pig; pi = plants; R = rat; Ra = rabbit; Rh.m  = Rhesus m onkey; S = sheep;
I = m vitro; v = in vivo.
1.4 Carcinogenicity
T here i s  c o n s id e ra b le  doubt a s  to  w h e th e r c h lo r in a te d  hyd rocarbon  
i n s e c t i c i d e s  a re  c a rc in o g e n ic  to  man o r o th e r  o rg a n ism s, w ith  r e s e a rc h e r s  
ta k in g  v e ry  p o la r i s e d  v ie w s . The prob lem  i s  u s u a l ly  i n  th e  i n t e r p r e t a t i o n  
o f r e s u l t s ,  and p a r t i c u l a r l y  i n  e x t r a p o la t in g  from  h ig h  d o se s  w hich  may 
be c a rc in o g e n ic  to  low d o s e s .  D ec id in g  w h e th e r  a  tum our i s  b e n ig n  o r 
m a lig n a n t ,  o r th e  d i f f e r e n c e  betw een h y p e r p la s ia  and a  m ic ro sc o p ic  
tum our i s  b a se d  on th e  o p in io n  of a  p a t h o l o g i s t ,  w hich ca n  v a ry  w id e ly  
(Takayama, 1 9 7 5 ). The d i f f i c u l t y  may be compounded by an  a l r e a d y  h ig h  
in c id e n c e  of sp o n tan eo u s tum ours in  th e  an im al u n d er s tu d y ,  s in c e  a 
weak c a rc in o g e n  may g iv e  on ly  a  r e l a t i v e l y  sm a ll in c r e a s e  i n  tum our 
in c id e n c e .  The mouse i s  e s p e c i a l l y  p rone  to  t h i s ,  and l i v e r  tum ours 
a re  in d u ced  even  by p h en o b arb ito n e  (H ayes, 1 9 6 9 ). T h is  h a s  b een  a t t r i b u t e d  
t o  h ig h  r a t e s  of m e ta b o lic  a c t i v a t io n  in  t h i s  s p e c ie s  w h ich  w ould in c re a se , 
th e  e p ig e n e t ic  p ro m o tio n  of sp on taneous c a rc in o g e n e s is  (P a rk e ,  1 9 7 8 ) ,
The re sp o n se  of th e  l i v e r  to  c h lo r in a te d  h yd rocarbon  i n s e c t i c i d e s  i n  th e  
mouse i s  d i f f e r e n t  t o  t h a t  in  o th e r  s p e c ie s  (W alker and S te y e n so n , 1.969; 
Deichmann e t  a l . , 1970; W righ t e t  a l ,  , 1972) , and t h e  re s p o n s e  i s  
in d i s t in g u is h a b le  from  t h a t  to  p h é n o b a rb i ta l  (S tev en so n  and W a lk e r, 1969; 
Thorpe and W alk e r, 1973; W righ t e t  a l . ,  1 9 7 2 ). Clemmesen ( l9 7 4 )  , '
i n  a  s tu d y  of 1 0 ,0 0 0  e p i l e p t i c s  found no ev id en ce  t h a t  p h e n o b a rb ito n e  
i s  c a rc in o g e n ic  i n  hum ans.
F itz h u g h  and N elson  ( l9 4 7 ) ,  w ere th e  f i r s t  t o  r e p o r t  th e  c a rc in o g e n ic
a c t i v i t y  of DDT in  r a t s  a t  200 to  800 ppm. However, m ost of th e  more 
r e c e n t  p u b l i c a t io n s  have been  on th e  mouse (in n es . e t  a l . ,  1969;
T a r ja n  and Kemeny, 1969; T e r r a c in i  e t  a l . ,  1973; T om atis e t  a l . ,  1972; 
Turnsov e t  a l . ,  1973; Kashyap e t  a l . ,  1 9 7 7 ). T here i s  no e v id e n c e  t h a t  
w o rk ers  o c c u p a t io n a l ly  exposed to  much h ig h e r  l e v e l s  o f p e s t i c i d e s  th a n  
th e  g e n e ra l  p o p u la t io n  show a  h ig h e r  in c id e n c e  o f c a n c e r  a f t e r  35 y e a r s  
o f u s e .  There i s  a l s o  some ev id en ce  t h a t  DDT can  o f f e r  some p r o te c t io n  
a g a in s t  c a n c e r -  Okey (1972) showed t h a t  p re tr e a tm e n t o f r a t s  w ith  
p ,p^-DDT reduced; th e  o ccu rren ce  of mammary tum ours in d u ced  by  
d im e th y lb e n z a n th ra c e n e  due to  in c re a s e d  m etabo lism  in d u c e d  by DDT, 
w h ile  Laws ( l9 7 l )  showed t h a t  mice exposed to  DDT f o r  1 week showed a  
d e c re a se  in  th e  " ta k e "  of a  t r a n s p la n te d  tum our over th e  c o n t r o l - 
Deichmann e t  a l . -(l9 6 7 ) showed t h a t  l i f e t i m e  fe e d in g  o f a  v a r i e t y  of 
DDT ty p e  com pounds, and a l d r i n  to  r a t s  le d  to  a  low er in c id e n c e  o f 
a l l  tu m o u rs ,
F o r d i e l d r i n  and o th e r  c y c lo d ie n e s ,  th e r e  i s  more e v id e n c e  f o r  
c a r c in o g e n ic i ty  a l th o u g h  i t  i s  s t i l l  n o t  c o n c lu s iv e .  F o r  i n s t a n c e ,  
Deichmann e t  a l .  ( l9 7 0 )  re p o r te d  t h a t  l i f e t i m e  fe e d in g  o f a l d r i n ,  d i e l d r i n  
o r e n d r in  to  O sborne-M endel r a t s  r e s u l t e d  i n  a  r e d u c t io n  in  tum our 
in c id e n c e .  In  m ice , d i e l d r i n  has been  shown to  be c a r c in o g e n ic  i n  ’ 
s e v e r a l  s tu d ie s  (D avis and F itz h u g h , 1962; W alker e t  a l # ,  1973;
Thorpe and W alker, 1 9 7 3 ). D ata f o r  r a t s  and o th e r  a n im a ls  i s  even le s s  
c o n c lu s iv e  th a n  f o r  m ice . A. l i t e r a t u r e  rev iew  by E p s te in  ( l9 7 5 )  
ap p ea rs  to  f in d  c o n c lu s iv e ly  t h a t  d i e l d r i n  i s  c a rc in o g e n ic  b u t  o f te n  he 
d is a g re e s  w ith  th e  a u th o r s ' own c o n c lu s io n s .  In  a  r é é v a lu a t io n  of d a ta  
p u b lish e d  e a r l i e r ,  S tevenson  e t  a l . ( 1976) found t h a t  d i e l d r i n  was n o t 
c a rc in o g e n ic  in  a  2 y e a r  fe e d in g  s tu d y  in  r a t s .  R e c e n t ly ,  R euber (l97S ) 
h as  shown e n d r in  to  be c a rc in o g e n ic  i n  O sborne-M endel r a t s .
Van R a a l te  ( l9 7 7 )  has sum m arised th e  r e s u l t  o f a  s tu d y  c a r r i e d  
o u t on w orkers  in v o lv e d  in  m anufac tu re  and fo rm u la tio n  o f a l d r i n ,  d i e l d r i n ,  
e n d r in  and t e l o d r i n ,  f o r  many y e a r s ,  and found  no e v id e n c e  f o r  an in c re a s e  
in  c a n c e r  in  th e s e  w o rk e rs .
In  th e  g e n e ra l p o p u la tio n  of th e  U .S .A .,  th e r e  h a s  b een  a  s te a d y  
d e c l in e  s in c e  1930 in  t h e  in c id e n c e  of l i v e r  c a n c e r  d e a t h s , w hich i s  
th e  p rim ary  t a r g e t  f o r  o rg a n o c h lo r in e  i n s e c t i c i d e s  (Deichm ann and-M acDonald, 
1 9 7 6 ). M aier-Bode ( i9 6 0 ) re p o r te d  t h a t  th e r e  w ere no e s s e n t i a l  d i f f e r e n c e s  
i n  DDT and DDE in  th e  body f a t  o f 21 p a t i e n t s  who d ie d  o f v a r io u s  
c a n c e rs  and in  39 who d ie d  of o th e r  d i s e a s e s .  S im i l a r l y ,  Hoffman, e t  a l#  
( l9 6 7 )  found no s i g n i f i c a n t  c o r r e l a t i o n  betw een th e  p re s e n c e  o r  absence 
of c a n c e r  and th e  l e v e l s  of BHC and DDE p lu s  DDT in  s u b je c t s  who d ie d  
from  v a r io u s  d i s e a s e s .  However, from  J a p a n , K asai e t  a l .  ( l9 7 2 )  r e p o r te d  
t h a t ,  w ith  th e  e x c e p tio n  of BHC and d i e l d r i n ,  th e  o rg a n o c h lo r in e  r e s id u e s
w ere s i g n i f i c a n t l y  h ig h e r  in  tum our p a t i e n t s  th a n  in  th o s e  s u f f e r in g  
from  o th e r  d i s e a s e s .  One e x p la n a tio n  f o r  t h i s  i s  t h a t  c a n c e r  p a t i e n t s  
a r e  c h r o n ic a l ly  i l l ,  and a re  l i k e l y  to  have l o s t  hody f a t ,  l e a d in g  to  
h ig h e r  r e s id u e s  i n  th e  rem a in in g  t i s s u e s .
In  c o n c lu s io n ,  u n d e s ir a b le ,h a r m f u l ,  o r d e b i l i t a t i n g  e f f e c t s  o f 
s y n th e t ic  o rg a n ic  ch em ica ls  h a v e , a s  a  r u l e ,  been  n o te d  f i r s t  i n  th o s e  
engaged in  t h e i r  m a n u fa c tu re . A side from  th e  in c id e n ts  o f a c u te  o v e re x p o s u re , 
no c l e a r l y  h a rm fu l e f f e c t s  on th e  l i v e r  have been  r e p o r t e d ,  i n  w o rk e rs  
exposed  f o r  many y e a r s  to  in d iv id u a l  compounds o r m ix tu re s  of i n s e c t i c i d e s .
In  m u ta g e n ic i ty  s tu d ie s  DDT has b een  shown to  in d u c e  chrom osom al 
a b n o rm a li t ie s  in  c u l tu r e d  mammalian c e l l s  (Palm er e t  a l . ,  1972) a l th o u g h  
n o t  in  human lym phocytes ( l e s s a  e t  a l . ,  1 9 7 6 ), and th e  a b n o r m a l i t ie s  
can n o t be r e p e a te d  iu  v iv o .  K e lly -G a rv e r t  and L e g a to r (1973) c o u ld  
on ly  show chromosome a b e r r a t io n s  in  C hinese h am ste r c e l l  l i n e  w i th  DDE, 
b u t  n o t DDT, & Iarshall e t  a l .  ( l9 7 6 ) , u s in g  S a lm o n e lla  ty p h im u riu m  as; m 
s c re e n in g  sy stem  f o r  m utagenic p o t e n t i a l  of a  w ide v a r i e t y  o f p e s t i c i d e s  
and m e ta b o l i te s ,  found  t h a t  none of th e  c h lo r in a te d  h y d ro c a rb o n  
in s e c t i c i d e s  gave p o s i t i v e  r e s u l t s .
1.5 Persistence
The main re a s o n  f o r  th e  p u b lic  o u tc ry  and su b seq u en t b a n n in g  o f 
o rg a n o c h lo r in e  compounds was t h e i r  p e r s i s te n c e  w hich le a d s  to  
b io a c c u m u la tio n , and th u s  to  conce rn  over t h e i r  lo n g - te rm  t o x i c i t y .  
Below i s  a  t a b le  show ing th e  h a l f  l i v e s  of some of th e s e  compounds i n  
b o th  s o i l  and b io l o g ic a l  sy s te m s , ( H a s s a i l ,  1 9 6 9 )î
Compound S i te H a lf -L ife
D ie ld r in S o il 0 .5 -4  y e a rs
R a t (fem ale ) 12-15 Days
P igeon 47 Days
Human 90 Days
p,p '-D D T S o il 2 .5 -5  y e a rs
BHC S o il 1 .5  y e a rs
The h ig h  chem ica l s t a b i l i t y  and low aqueous s o l u b i l i t y  com bine 
t o  fa v o u r  th e  p e r s i s te n c e  of o rg a n o c h lo r in e  i n s e c t i c i d e s  i n  th e  s o i l  f o r  
m onths o r y e a r s ,  a lth o u g h  t h i s  i s  v e ry  d ependen t on s o i l  ty p e  
(W heatley  e t  a l . ,  1962).- T h is  p e r s i s te n c e  i s  ad v an tag eo u s  s in c e  i t  e n su re s
lo n g  te rm  p r o t e c t i o n ,  p ro v id ed  th e  i n s e c t  does n o t become r e s i s t a n t ,  b u t 
i t  may in tro d u c e  u n d e s ir a b le  s id e  e f f e c t s ,  due to  c o n ta m in a tio n  of c rops*
L ess e a s i l y  m o n ito re d  i s  th e  slow  le a c h in g  of th e se  compounds from  th e  
s o i l ,  th u s  c o n ta m in a tin g  lo c a l  w a te r  s u p p l i e s ,  and becom ing a  p o t e n t i a l  
h a z a rd  to  aq u a ticc  o rgan ism s and a n im a ls , e s p e c i a l l y  b i r d s  w hich  a re  
p r e d a to r s  o f th e s e  o rg an ism s, due to  b io a c c u m u la tio n  o f r e s id u e s .-  T hus, 
i f  a  sm a ll q u a n t i ty  o f a  h ig h ly  s ta b le  p e s t i c id e  sho u ld  be p r e s e n t  i n  th e  
lo w e s t o rgan ism  in  th e  food c h a in ,  th e  l i p i d  c o n c e n tr a t io n  of i t  may r i s e  
w ith  th e  p o s i t i o n  of th e  organism  in  th e  c h a in ,  as  r e p o r te d  f o r  c e r t a i n  
m arine s p e c ie s  (R obinson e t  a l . ,  19 6 7 ), and hero n s and g re b e s  (M ellanby , 1967.) 
I t  has been  su g g e s te d  t h a t  t h i s  has caused  th e  d e c l in e  in  p re d a to ry  
M ra s S ince th e  w ar , o r  a t  l e a s t  was an  im p o rta n t t a c t o r  (H ick ey , 1869) , 
and t h i s  w i l l  be d is c u s s e d  f u r th e r  l a t e r .
M an i s  u n l ik e ly  to  accum ulate  such  h ig h  le v e l s  o f i n s e c t i c i d e s  a s  
b i r d s  u n le s s  he i s  o c c u p a tio n a lly  ex p o sed , b ecause  o f h i s  more v a r ie d  
d i e t .  However, th e  sm a ll in ta k e  w hich o ccu rs  le a d s  to  a  g ra d u a l 
a c c u m u la tio n  in  body t i s s u e s ,. p a r t i c u l a r l y  l i p i d ,  u n t i l ,  a t  c o n s ta n t  
i n t a k e ,  a  s te a d y  s t a t e  i s  reac h ed  when in ta k e  b a la n c e s  m e tab o lism  and 
e x c r e t io n .  T h is, p la te a u  e f f e c t  i s  h e lp e d  by the . in d u c t io n  of h e p a t ic ,  
m icrosom al enzymes by o rg a n o c h lo rin e  i n s e c t i c i d e s ,  th u s ; en h an c in g  t h e i r ’ 
own m e ta b o lism , g iv in g  a  k in d  of b u i l t - i n  s a f e ty  f a c t o r .
1 .6  CHRONIC TOXICITY
1 .6 .1  G enera l
Two d i s t i n c t  ty p e s  of to x ic  e f f e c t  can  be observed  f o r  many p o is o n s , 
a c u te  and c h r o n ic .  S in c e , f o r  any one p o iso n  th e r e  may be l i t t l e  o r 
no r e l a t i o n  betw een  e i t h e r  th e  mechanism o f th e s e  two k in d s  of to x ic  
a c t i o n ,  o r th e  m agnitude of c o n c e n tra t io n s  t h a t  evoke th e m , th e  two 
e f f e c t s  m ust be c a r e f u l l y  d i s t i n g u is h e d .  An a c u te  t o x i c  re sp o n se  occu rs  
s h o r t ly  a f t e r  a  s in g le  d o se , o f te n  t r a c e a b le  t o  a  s p e c i f i c  b io c h e m ic a l 
e v e n t .  A c h ro n ic  e f f e c t ,  on th e  o th e r  h a n d , o ccu rs  in  an  o rgan ism  a f t e r  
exposu re  to  sm a ll s u b le th a l  doses of a  to x ic  compound o v e r  a p e r io d  
of t im e .  O rg an o ch lo rin e  i n s e c t i c i d e s ,  b e in g  v e ry  s t a b l e , w i l l  te n d  to  
a c c u m u la te , and t h e r e f o r e ,  ch ro n ic  t o x i c i t y  s tu d ie s  a r e  l i k e l y  t o  be 
im p o r ta n t f o r  t h i s  ty p e  of compound. U n like  a c u te  t o x i c  e f f e c t s ,  w hich 
a re  obvious e x t e r n a l l y ,  c h ro n ic  t o x i c i t y  may be cau sed  b y  g ra d u a l changes 
i n  t i s s u e  w hich a re  in  c o n s ta n t  c o n ta c t  w ith  sm a ll am ounts of th e s e  
com pounds. C hron ic e f f e c t s  a re  o f te n  in d e te rm in a te  i n  n a t u r e ,  and a re  
f r e q u e n t ly  of such  a  ty p e  t h a t  i t  i s  d i f f i c u l t  t o  a s s e s s  t h e i r  
s ig n i f i c a n c e  by s t a t i s t i c a l  m eans.
1 .6 .2  Human S tu d i e s
These c o n s id e r a t io n s  have le d  to  num erous s tu d ie s  b e in g  c a r r i e d
o u t to  a s s e s s  th e  lo n g  te rm  t o x i c i t y  of o rg a n o c h lo r in e  compounds to  
man from  e n v iro m e n ta l co n tam in a tio n *  These have p r i n c i p a l l y  c o n s is te d  
o f m o n ito r in g  l e v e l s  of p e s t i c id e  c o n ta m in a tio n  of f o o d ,  (W alker e t  a l . ,  1954; 
Durham e t  a l . ,  1965; Duggan e t  a l . ,  1966; Duggan and W eatherw ax , 1967;
Duggan e t  a l . , -  1971; Sims e t  a l * ,  1977; U shio and D o g u ch i, 1977;
E ch o ls  and Ai*ena, 1977) and w a te r  (Bush e t  a l . ,  1977; G r a n t ,  1 9 7 6 ),
su rv e y s  of p e s t i c id e  s to ra g e  in  th e  t i s s u e s  o f human p o p u la t io n s
(D ale and Q uinhy, 1963; Hoffm an, F is h h e in ,  and A ndelm an, 1964; Hoffman e t  a l . ,
1967; de V lie g e s  e t  a l . ,  1968; Morgan and R oan, 1970; Radom ski e t  a l . ,  1971;
Bro^vn, 1972; B jo r s e th  e t  a l . ,  1977; H a t t u l a ,  1976; E ra u l  and K a r lo g , 19 7 6 ),
e v a lu a t io n  of th e  h e a l th  of w orkers who have e x p e r ie n c e d  p ro lo n g e d
in te n s iv e  ex posu re  ( S te in  and H ayes, 1964; Laws e t  a l . , 1967 ;
T occ i e t  a l . ,  1969; Laws e t  a l . ,  1975; Morgan and R oan , 1974;
R ic a rd so n  e t  a l . ,  1 9 7 5 ), e x p e r im e n ta tio n  w ith  dosed a n im a ls  (Durham e t  a l . ,
1963; B e rd a n ie r ,  1977; W alker e t  a l . ,  1969; S tevenson  e t  a l . ,  1976; D a rs ie  
e t  a l . , 1976; A ra v in d a k sh a n , 1 9 7 7 ), and e f f e c t s  of d e lih e ra te ? . d o s in g  in  man 
(Hayes e t  a l . , 1956, 1971; Morgan and R oan , 1971; D eichm ann, 1 9 7 2 a).
These s tu d ie s  have a l l  ap p ea red  to  in d i c a te  t h a t  t h e r e  i s  a  h ig h  
s a f e ty  m argin  f o r  a l l  o rg a n o c h lo rin e  i n s e c t i c i d e s  f o r  th e  g e n e ra l  
p o p u la tio n  a t  c u r r e n t  d ie t a r y  l e v e l s .  F o r  exam ple , p ro lo n g e d  d o s in g  
o f men w ith  DDT a t  550 tim es  th e  a v e ra g e  d a i ly  in ta k e  w as t o l e r a t e d
w ith  no a p p a re n t i l l  e f f e c t s  (Hayes e t  a l . ,  1 9 7 1 ). T h ere  i s  s im i la r
ev id en ce  f o r  d i e l d r i n  ( J a g e r  and V e rs te e g ,  1 9 7 0 ). In  a d d i t i o n ,  f o r  a l l
h u t  a l d r i n  and d i e l d r i n  th e r e  i s  a  c o n s id e ra b le  s a f e ty  m a rg in  in  th e
a c tu a l  and a c c e p ta b le  d a i ly  i n t a k e ,  as  d e f in e d  by th e  W orld H e a lth  O rg a n iz a tio n
(who) (Deichm ann, 1972b). These f ig u r e s  a r e  l i k e l y  t o  h a v e  d e c l in e d
f u r t h e r  s in c e  t h i s  tim e due to  c o n tin u e d  r e s t r i c t i o n s  i n  u s e .
D ie ta ry  in ta k e  o f c h lo r in a te d  hy d ro carb o n s i n  p g /d a y  
f o r  a  70 kg in d i v id u a l .
FAO-WHO 
A ccep tab le  
d a i ly  in ta k e
■ ' 
1965 1966 1967 1968
A ld r in  p lu s  d i e l d r i n 7 6 9 : 4 4
DDT, DDE p lu s  TDE 700 63 70 56 49
Lindane 870 5 4 5 3
H e p ta c h lo r  epox ide 35 2 3 1
A ll c h lo r in a te d 84 112 84
hydro carb o n s
1 .6 .3  D evelopm enta l E f f e c ts
There a re  c e r t a i n  c r i t i c i s m s  of th e  ty p e s  of t o x i c i t y  s tu d y  
d is c u s s e d  a b o v e , p a r t i c u l a r l y  t h a t  th e y  a re  u s u a l ly  c a r r i e d  o u t on h e a l th y  
in d i v id u a l s ,  o f te n  a d u l t  m a le s . Exposure of c h i ld r e n ,  o r p eo p le  in
i l l - h e a l t h  may n o t  be as  s a f e .  In  p a r t i c u l a r ,  i t  i s  w e l l  docum ented
t h a t  o rg a n o c h lo r in e  i n s e c t i c i d e s  a re  v e ry  r e a d i ly  se c re te d , in t o  m i lk ,  
due to  t h e i r  h ig h  l i p i d  c o n te n t ,  and t h i s  may le a d  to  heavy exp o su re  
i n  young c h i ld r e n  ( Zweig e t  a l . ,  1961; T an ab e , 1972; O tto b o n i and F e rg u s o n , 
1969; Bakken and S e ip ,  1976; H eeschen e t  a l . ,  1976; V uori e t  a l . ,  1977; 
Woodward e t  a l . ,  1976; W in ter e t  a l . ,  1 9 76 ). The le v e l s  f r e q u e n t ly  
exceeded th e  WEO/FAO (Food and A g r ic u l tu r e  O rg a n iz a tio n )  p e rm is s ib le  
c o n c e n tr a t io n  f o r  m ilk  (DDT SOppb) (WHO/FAO, 1 9 6 9 ), even  in  E u ro p e , 
and in  p la c e s  such a s  G uatem ala (W in ter e t  a l . ,  1976) w here p e s t i c i d e s  
a re  e x te n s iv e ly  u s e d ,  v e ry  h ig h  r e s id u e s  have been  d e te c te d .  In  a d d i t i o n ,  
i t  i s  in  th e  f o e tu s  and n e o n a te s  t h a t  many e f f e c t s  of low d o ses  o f 
p e s t i c i d e s ,  p a r t i c u l a r l y  DDT have been  r e p o r te d .  DDT and d i e l d r i n  a r e  
known to  c ro s s  th e  p la c e n ta  in  mice (B dckstrbm  e t  a l . ,  1965; H athaway e t  a l . ,
1967; E l i  a s  son and P o s n e r ,  1 9 7 l) ,  and dogs (F innegan  e t  a l ,  1949) , and  as,
DDT has been  d e te c te d  i n  ab o rte d  human f o e tu s ,  (Savon e t  a l . ,  1 9 6 9 ), 
p la c e n ta l  p a ssag e  seems l i k e l y  in  man. F u r th e r  ev id en ce  i s  g iv e n  by  '
P o lis h u k  e t  a l .  ( l9 7 0 )  who showed t h a t  v a r io u s  o rg a n o c h lo r in e  i n s e c t i c i d e s
w ere p r e s e n t  in  f o e t a l  b lo o d  a t  c o n c e n tr a t io n s  low er th a n  t h a t  o f th e  
m o th e r , and Denes ( l9 6 2 )  who a l s o  showed t h a t  DDT c ro s s e s  th e  p la c e n ta .  
However th e  e x te n t  of t r a n s p l a c e n t a l  p a ssag e  seems to  v a ry  c o n s id e ra b ly  
betw een  s p e c ie s ,  s in c e  H art e t  a l .  ( l9 7 2 ) ,  showed t h a t  DDT r e s id u e s  
in  f o e t a l  r a b b i t  t i s s u e s  w ere f o u r f o ld  h ig h e r  th a n  i n  t i s s u e s  o f th e  dam, 
w h e re a s , i n  c o n t r a s t  h e p a t ic  r e s id u e s  m easured in  th e  f o e t a l  r a t  w ere 
much low er th a n  th o s e  in  th e  m other (B e l l  e t  a l . ,  1 9 7 6 ), w h ile  
W oolley and T a le n s , ( l 9 7 l ) , u s in g  DDT p r e - t r e a t e d  dams r e p o r te d  f iv e f o l d  
h ig h e r  h e p a t ic  r e s id u e s  in  10 hour o ld  r a t s  th a n  i n  new born a n im a ls .
F o r unknown r e a s o n s ,  n e o n a te s  a re  s t r i k i n g l y  l e s s  s e n s i t i v e  t o  th e  a c u te  
e f f e c t s  of DDT ty p e  compoiuids (Lu e t  a l . ,  1 9 6 5 ). K ih ls tro m  e t  a l .  ( l9 7 4 ) 
showed t h a t  in  l a c t a t i n g  mice t r e a te d  w ith  DDT, th e  young grew f a s t e r  
th a n  c o n t ro l s  i n i t i a l l y ,  th e n  s lo w e r , so  t h a t  o v e r a l l  th e r e  was no 
d i f f e r e n c e ,  w hereas Fahim e t  a l .  ( l9 7 0 )  showed o v e r a l l  d e p re s s io n  o f 
grow th  r a t e  i n  n e o n a ta l  r a t s  t r e a t e d  w ith  DDT, in c re a s e d  m o r t a l i t y ,  and 
r a i s e d  h e p a t ic  co p p er and d e p re sse d  c a lc iu m  l e v e l s .  A c o r r e l a t i o n  
betw een  p rem atu re  b i r t h s  and DDE l e v e l s  in  f o e t a l  b lo o d  h as  a l s o  been  
shoim  (O 'L eary  e t  a l . , 1 9 68 ), in  hum ans.  C h em o ff e t  a l .  ( l9 7 5 )  showed, 
w ith  d i e l d r i n  a d m in is te re d  d u rin g  p re g n a n c y , an in c re a s e d  m o r t a l i t y  r a t e  
i n  r a t s ,  w h ile  i n  mice th e re  was an e le v a t io n  o f l i v e r  w e ig h t t o  body 
w e ig h t r a t i o s  in  te rm  f o e t u s e s , as  w e l l  a s  r e t a r d a t i o n  of g ro w th .
In c re a s e d  a c t i v i t y  of d rug  m e ta b o lis in g  enzymes was o b se rv e d  in  n e o n a ta l  
r a t s  exposed  to  DDT (B e ll  e t  a l . ,  1 9 7 6 ). T h a t p e r i n a t a l  ex posu re  to  
DDT can le a d  to  e f f e c t s  in  l a t e r  l i f e  was shown by C ra ig  and O g ilv ie
( 1974 ) , who showed t h a t  e a r ly  exposure  of m ice le d  t o  a  re d u c e d  a b i l i t y  
to  c a r ry  o u t a  T-Maze t e s t  in  th e  a d u l t  s t a t e .  L ik e w is e , K ih ls tro m  e t  a l .
( 1975 ) showed t h a t  o f f s p r in g  of mice t r e a t e d  w ith  DDT d u r in g  l a c t a t i o n  
showed red u ced  f e r t i l i t y .  Some e f f e c t s ,  o f th e s e  p e s t i c i d e s  may o ccu r 
i n d i r e c t l y  th ro u g h  p o o r n u rs in g  b e h a v io u r ,  when fe d  t o  t h e  m o th e r,
a s  shown f o r  d i e l d r i n  a t  doses >5ppm i n  m ice (V irgo  and B e llw a rd , 1 9 7 7 ), 
and DDT a t  do ses  >50ppm in  r a t s  (P a u lse n  e t  a l . ,  1 9 7 5 ).
1 .7  HORMONAL EFFECTS
1 *7 .1  S te ro id s  -  E f f e c t s  on th e  R e p ro d u c tiv e  System
Many of th e  e a r ly  a l l e g a t io n s  made a g a in s t  o rg a n o c h lo r in e  
i n s e c t i c i d e s  concerned  t h e i r  a b i l i t y  to  m im ic, o r  a f f e c t , th e  a c t i o n  
o f v a r io u s  horm ones, p a r t i c u l a r l y  s t e r o i d s ,  and th u s  l e a d  to  p o s s ib ly  
s e r io u s  d is tu rb a n c e s  i n  norm al m e tab o lism , and t h i s  i n i t i a l l y  c e n t r e d  
on th e  d e c l in e  in  th e  p o p u la tio n  of p r e d a to ry  b i r d s  w h ic h  h as  o c c u rre d  
s in c e  th e  end of th e  w a r . I t  was R a t c l i f f e  ( l9 6 7 ) who f i r s t  r e p o r te d  
t h a t  e g g s h e ll  th ic k n e s s  d e c re a se d  a s  th e  l e v e l s  of e n v iro n m e n ta l 
c o n ta m in a tio n  in c r e a s e d ,  w hich co u ld  l e a d ,  th ro u g h  in c r e a s e d  b r e a k a g e s ,
t o  a  low er r e p ro d u c t io n  r a t e  (R iseb rough  e t  a l . ,  1968; B itm an e t  a l . ,  1969; 
Cade e t  a l .., 1 9 7 l ) .  A lthough  th e  m echanism  of th e  th in n in g  of 
e g g s h e l l s  i s  s t i l l  n o t  e n t i r e l y  c l e a r ,  e a r ly  w ork su g g e s te d  t h a t  DDT 
c o u ld  cause  an  i n h i b i t i o n  of c a rb o n ic  a n h y d ra se , w hich i s  im p o r ta n t i n  
e g g s h e l l  p ro d u c t io n ,  b u t  t h i s  has n o t  been  s u b s ta n t ia te d . -  S ince  th e  
in c o rp o r a t io n  of c a lc iu m  in to  e g g s h e l ls  i s  s t r o n g ly  in f lu e n c e d  by 
o e s tro g e n s  ( P e a k a l l , 1 9 7 0 ), and s in c e  DDT can  enhance o e s tro g e n  
m e tab o lism  th ro u g h  in d u c t io n  of h e p a t ic  m ixed fu n c t io n  o x id a se  system s 
w hich  a re  c lo s e ly  l in k e d  to  th e  s t e r o id  h y d ro x y la se s  (Conney e t  a l » ,  1967; 
W elch e t  a l . ,  1967; C lem ent and Okey, 1 9 7 2 ) , t h i s  co u ld  be an  e x p la n a t io n .  
However even  b e fo re  th e  ad v en t of DDT, th e  d e c l in in g  p o p u la t io n s  of 
some p re d a to ry  b i r d s  was a m a tte r  of co n ce rn  to  o r n i t h o lo g i s t s  (H ickey , 1942; 
Schm id, 1 9 6 6 ). F u r th e r  r e s e a r c h  has n o t  been  c o n c lu s iv e , b u t  i t  does 
seem s a fe  to  s t a t e  t h a t  o rg a n o c h lo r in e  i n s e c t i c i d e s  have b een  an 
im p o rta n t c o n t r ib u to r y  f a c t o r  in  th e  d e c l in e  o f some p re d a to ry  b i r d s  
(H ick ey , 1 9 69 ).
In  a d d i t io n  t o  th e  g e n e ra l in d u c t iv e  e f f e c t  o f c h lo r in a te d  hyd ro carb o n  
i n s e c t i c i d e s  on h e p a t ic  mixed f u n c t io n  o x id a s e s ,  o,p '-D D T p o s s e s s e s  an 
in h e re n t  o e s t r o g e n i c i t y , p ro b ab ly  due t o  i t s  s t r u c t u r a l  s i m i l a r i t y  to  
th e  s y n th e t ic  o e s tro g e n  d i e t h y l s t i l b o e s t r o l . In  th e  r a t ,  t r e a tm e n t  
w ith  o ,p ’-DDT le a d s  to  u te r in e  w e ig h t in c re a s e  in  a  m anner s u g g e s tin g
c o m p e tit io n  f o r  th e  o e s t r a d io l  b in d in g  s i t e s  (W elch, L ev in  and Conney, 1 9 6 9 ),
S im ila r  r e s u l t s  have been  re p o r te d  by B itm an and C e c i l  ( l9 7 0 )  , and
Conney and B urns (1 9 7 2 ) , and in  r a t s ,  c h ic k e n  and q u a i l ,  (B itm an e t  a L . , 1 9 6 8 ),
and th e  s u b je c t  h as  been  rev iew ed  by K upfer ( l9 7 S ) .  U nder c e r t a i n
c o n d i t io n s  i t  can  a l s o  be a n t i - o e s t r o g e n i c , and i n t e r f e r e  w ith  o e s tro g e n
d ependen t organs, i n  th e  im m ature fem ale r a t  (Clem ent and  Okey, 1 9 7 2 ).
o ,p ' -DDT a l s o  enhances th e  fo rm a tio n  o f u te r i n e  g ly c o g e n , (B itm an and C e c i l ,
1970; S in g h a l ,  V a la d a re s  and Schw ark, 1 9 7 0 ) , and in c reasn ss  th e  a c t i v i t y
of s e v e r a l  g ly c o ly t i c  and hexose m onophosphate sh u n t enzymes (S in ^ tis l  e tr a l . ,
1 9 7 0 ), w hich  i s  a  norm aL re sp o n ss  t o  n a t u r a l l y  ocnnrriing  o e s tro g e n s
( S in g h a l e t  a l . , 1967, 1969a ,b ;; V a la d a re s  e t  a l . ,  1968; Lea. e t  a l . , 1 970 );
p , p ’-DDT had a  much s m a lle r  e f f e c t .  P ro g e s te ro n e ,  w h ich  b lo c k s  th e
e f f e c t  o f o e s tro g e n s  (S in g h a l e t  a l » ,  1 9 6 7 ), a l s o  e f f e c t i v e l y  i n h i b i t s .
th e  i n s e c t i c i d e s  induced, s t im u la t io n  o f th e  u te r in e  enzym es (S in g h a l e t  a l .  ,
1 9 7 0 ).
In  r a b b i t s ,  DDT has in c re a s e d  th e  in c id e n c e  o f f o e t a l  r e s o r p t io n  
and p re m a tu r i ty  (H a rt e t  a l . , 1 9 7 2 ). In  n e o n a ta l  fem a le  m ic e , o , p ’-DDT 
advances p u b e r ty ,  in d u c e s  p e r s i s t e n t  v a g in a l  o e s t r u s , an d  p ro d u ces  
o v a r ia n  c y s t s ,  (H e in r ic h s  e t  a l . ,  1 9 7 l) .  Deichmann e t  a l .  ( l9 7 l )  
r e p o r te d  a d v e rse  e f f e c t s  of b o th  DDT and a l d r i n  on th e  fem ale  
r e p ro d u c t iv e  sy stem  in  d o g s , in c lu d in g  d e lay ed  o e s t r u s ,  s t i l l b i r t h s .
la c k  of mammary dev e lo p m en t, r e d u c t io n  in  l a c t a t i o n  and h ig h  m o r ta l i ty
14r a t e  in  th e  y o ung . E xperim ents w ith  [ C] DDT u s in g  a u to ra d io g ra p h y , 
show c o n s id e ra b le  c o n c e n tr a t io n  in  th e  g o n ad s , in  a d d i t io n  t o  adiposes 
t i s s u e  (B dckstrdm , B ansson and U llb e rg ,  1 9 6 5 ).
D e sp ite  th e  f a c t  t h a t  m ost s p ra y e r s  and fo rm u la to rs  o f  i n s e c t i c i d e s  
a re  m a le , s u p r i s in g ly  few s tu d ie s  have b een  c a r r i e d  ou t on th e  male 
r e p ro d u c t iv e  t r a c t .  N ea rly  30 y e a rs  a g o , B u r lin g to n  and Lindem an, ( l9 5 0 ) ,  
r e p o r te d  t h a t  DDT cau ses  in h i b i t i o n  o f b o th  t e s t i c u l a r  g row th  and 
developm ent of seco n d ary  sex  c h a r a c t e r i s t i c s  in  c o c k e re ls :.  Deichmann 
and h i s  cow orkers have s tu d ie d  th e  e f f e c t s  of DDT on r e p ro d u c t io n  i n  
m ice (Deichmann and K e p lin g e r , 1966) , and d o g s , (Deichmann e t  a l . ,  1 9 7 l ) .  
DDT a d m in is t r a t io n  le d  to  reduced  r e p ro d u c t iv e  a c t i v i t y  i n  d o g s .
N eo n a ta l tr e a tm e n t  of male r a t s  w ith  o , p ' -DDT le a d s  to  re d u c e d  and rogen  
hydo x y lase  a c t i v i t y  (T abei and H e in r ic h s ,  1976) in  l a t e r  l i f e .  The: 
p e s t i c id e  can i n t e r f e r e  w ith  male a c c e s s o ry  g la n d  m e ta b o lism , a s  shown 
by the; d e c re a se d  a f f i n i t y  of th e  p r o s t a t e  g la n d  f o r  r a d io a c t iv e  t e s to s t e r o n e  
i n  m ic e , w hich  a l s o  accu m u la tes  DDT, (S m ith  e t  a l . ,  1 9 7 2 ). S in ce  th e s e  
d o ses  do n o t e x e r t  a  u te ro t r o p h ic  e f f e c t  in  fem ale  m ic e , i t  i s  p ro b a b ly  
n o t  th e  in h e re n t  o e s t r o g e n ic i ty  of DDT w hich  causes; t h i s  i n h i b i t i o n .
I t  has been  su g g es ted  by W akeling and V ise k  (1 9 7 3 ), who o b se rv ed  a  •
s im i la r  e f f e c t  w ith  a ld o s te r o n e ,  t h a t  o,p '-D D T e x e r t s  a  n o n -c o m p e tit iv e
i n h i b i t i o n  in  th e  r a t  p r o s ta t e  g la n d , p e rh ap s  th ro u g h  c o n fo rm a tio n a l 
changes i n  th e  an d ro g en  r e c e p to r .  U sing H^H]]DDT, Sm ith  e t  a l . ,  ( l9 7 2 ) 
have shown t h a t  th e r e  i s  c o n s id e ra b le  b in d in g  to  s e v e r a l  o rg an s in  t h e  
m ale re p ro d u c t iv e  t r a c t »  Some, a t  l e a s t ,  of th e  a l t e r a t i o n s  i n  hormone: 
b a la n c e  p roduced  by  DDT a r e  due to  in d u c ed  changes i n  h e p a t i c  androgen 
h y d ro x y la s e ,  (K untzm an, W elch and C o n n e y 1966) a s  f o r  o e s tro g e n s »
D ie ld r in  can  a l s o  be found in  th e  gonads and o th e r  g e n i t a l  o rgans 
a f t e r  ex posu re  (H eath  and V andekar, 1964 ; Z ab ik  and Schem m ei, 1973) .
Hodge e t  a l .  ( l9 6 7 )  rev iew ed  th e  d a ta  on th e  e f f e c t s  of d i e l d r i n  on 
r e p ro d u c t io n .  A r e d u c t io n  in  th e  number of ra tsb  becom ing p re g n a n t and 
in c re a s e d  m o r t a l i ty  in  th e  pups was shown on d i e t s  c o n ta in in g  2.5ppm 
d i e l d r i n  (T reon e t  a l . ,  1 9 54 ), a lth o u g h  a  more r e c e n t  s tu d y  (H arr e t  a l . ,  1970) 
showed t h a t  r a t s  w ere 10 f o ld  more s e n s i t i v e  to  d i e l d r i n .  In  dogS;
25ppm d i e l d r i n  in c re a s e d  m o r ta l i ty  in  pups (K itse lm a n , 1 9 5 l ) .  In  fem ale  
m ic e , d i e l d r i n  a t  5ppm f o r  120 days le d  to  a  s i g n i f i c a n t  r e d u c t io n  in . 
l i t t e r  s i z e ,  (Good and W are, 19 6 9 ), a l th o u g h  n e i th e r  compound a f f e c te d  
f e r t i l i t y  o r  f e c u n d i ty . .  20ppm d i e l d r i n  fe e d in g  t o  fem a le  r a t s  r e s u l t e d  
i n  a l t e r e d  o e s t ru s  c y c le s  ( B a l l , Kay and S i n c l a i r , 1953) , w h ile  more 
r e c e n t  s tu d ie s  showed t h a t  d i e l d r i n  produced a  d e c re a se  i n  v a r io u s  
in d ic e s  of re p ro d u c t iv e  perform ance (H arr e t  a l . ,  1 9 7 0 ) . W elch and 
cow orkers ( l9 7 l )  found  t h a t  p re tr e a tm e n t of im m ature fe m a le  r a t s  w ith
d i e l d r i n  o r p,p '-D D T f o r  7 days s t im u la te d  th e  m e tab o lism  of o e s tro n e  
by h e p a t ic  m icrosom al enzymes and in h i b i t e d  th e  in c r e a s e  in  u te r in e  
w et w e ig h t cau sed  by o e s tro n e .
D ie ld r in  can  d i r e c t l y  a f f e c t  t i s s u e s  i n  th e  male r e p ro d u c t iv e  
t r a c t ,  re d u c in g  th e  u p tak e  of t e s t o s t e r o n e  by  r a t  p r o s t a t e  v i t r o  
(B lend and S ch m id t, 1971) , and a l s o  n o n -c o m p e ti t iv e ly  b in d s  t o  th e  
5 -a -d ih y d ro te s o s te ro n e  r e c e p to r ,  (W akeling and V is e k , 1 9 7 3 ) .  Im potency 
h as been  r e p o r te d  in  spraymen u s in g  d i e l d r i n  (E s p ir  e t  a l . ,  1970} .
1 .7 .2  O ther M etab o lic  E f f e c ts
In  a d d i t io n  to  re p ro d u c t iv e  d is tu rb a n c e s  due t o  a l te r a t io n s E  i n  
s t e r o i d  hormone m e tab o lism , c h lo r in a te d  hyd ro carb o n  i n s e c t i c i d e s  have  
r e c e n t ly  been  shoim to  have a v a r i e ty  of o th e r  hormone l i l i e  e f f e c t s ,  
w ith  b o th  a c u te  and. c h ro n ic  e x p o su re , w hich  c o u ld  le a d  t o  s u b t le
S in g h a l and. h i s  cow orkers i n i t i a l l y  showed t h a t  c h ro n ic  exp o su re  
t o  p ,p '-D D T le d  to  a marked enhancem ent of g lu e  one o g e n e s is  i n  th e  
r a t  l i v e r ,  e le v a te d  b lo o d  g lu c o se , and a  f a l l  i n  h e p a t ic  g lycogen  
(Kacew e t  a l . , 1972 ; Kacew and S in g h a l ,  1 9 7 3 a ), and l a t e r  showed s im i la r  
r e s u l t s  w ith  a  v a r i e t y  of cy c lo d ie n e  i n s e c t i c i d e s  (Kacew e t  a l . ,  1 9 7 3 ) . ' 
Subsequen t to  t h i s ,  th e y  p u b lish e d  d a ta  i n d i c a t in g  t h a t  t h i s  e f f e c t
was due to  a s t im u la t io n  i n  th e  a c t i v i t y  of a d e n y la te  c y c la s e  , and 
e le v a t io n  i n  h e p a t ic  l e v e l s  of cAME (Kacew and S in g h a l ,  1 9 7 3 a ,h ;
Kacew and S in g h a l ,  1 9 7 4 ), and ex c lu d ed  th e  p o s s i b i l i t y  t h a t  a d re n o c o r t ic o id s  
w ere in v o lv e d , s in c e  s im i la r  r e s u l t s  w ere o b ta in e d  in  a d re n a le c to m ise d  
a n im a ls ,  w h ile  th e  p o te n t  g lu c o c o r t ic o id  tr ia m c in o lo n e  d id  n o t  p o te n t i a t e  
th e  a c t io n  of DDT on any o f th e  g luconeogen ic : enzymes exam in ed .
A lthough  B h a tia  has a ls o  shown a  s t im u la t io n  of h e p a t ic  g lu c o n e o g e n e s is  
by d i e l d r i n  (B h a tia  e t  a l » ,  1 9 7 3 ), to g e th e r  w ith  in c r e a s e s  i n  p lasm a 
n o n - e s t e r i f i e d  f a t t y  a c id s  (NEFA), b lo o d  g lu c o s e ,  p y ru v a te ; and l a c t a t e ,  
and an  im paired, g lu c o se  to le r a n c e  (B h a t ia  e t  a l . ,  1 9 7 2 ), he c o n s id e rs  
t h a t  s in c e  he showed a s t im u la t io n  o f a d r e n o c o r t ic a l  f u n c t io n  w ith  
d i e l d r i n  (B h a tia  e t  a l . ,  1971-), th e s e  e f f e c t s  a re  p ro b a b ly  seco n d ary  
to  an  e le v a t io n  of g lu c o c o r t ic o id s  in  th e  b lo o d . T h is  i s  d e s p i t e  an  
i n h i b i t i o n  of g lu c o se -6 -p h o s p h a ta se  and an  in c re a s e  i n  g ly c o g en  s y n th e s is  
observed  i n  d i e l d r i n  t r e a te d  r a t s  (B h a tia  e t  a l . ,  1 9 7 3 ) , w hich  i s  
n o t  c o n s i s t e n t  w ith  t h i s  v iew . E xperim en ts  w ith  a d re n a le c to m is e d  
an im a ls  w ould h e lp  r e s o lv e  t h i s  q u e s t io n ,  and t h i s  i s  m en tioned  by 
B h a tia  f o r  f u tu r e  w ork , b u t  no su b se q u en t d a ta  h as  b een  p u b l i s h e d .
F u r th e r  e v id en ce  f o r  some in v o lv em en t o f th e  a d r e n a l  c o r t e x  i n  th e  
b io ch em ica l e f f e c t s  of d i e l d r i n  i s  g iv e n  by Hiddeman and C o rn ish  ( l9 7 0 )  
who showed r a i s e d  f a s t i n g  b lo o d  g lu c o se  and c o r t i c o s te r o n e  a f t e r  4  days 
ex p o su re  to  d i e l d r i n .  B oth hypophysectony  and ad ren a lec to m y  a b o lis h e d  
t h i s  e f f e c t .  Hiddeman ( l9 7 0 ) su g g e s ts  t h a t  d i e l d r i n  c a u se s  th e
p i t u i t a r y  to  r e l e a s e  e x c e ss  ACTE.
I t  has b een  kno^m s in c e  1949 t h a t  DDD cau ses  a tro p h y  o f th e  a d re n a l 
c o r t e x ,  (N elson  and Woodward, 1949) , and re d u c e s  th e  i n  v i t r o  re sp o n se  
t o  ACTE, w ith  p a r t i a l  i n h i b i t i o n  o f a d re n a l  g lu e o s e -6 -p h o sp h a te  
dehydrogenase  (G6PDH) (C azo rla  and M oncloa, 1 9 6 2 ). o ,p ’-DDT h as  a  
s im i la r  e f f e c t  of in c r e a s in g  th e  m e tab o lism  o f ,  and lo w e rin g  th e  
l e v e l  o f ,  c o r t i s o l  i n  g u in e a  p ig s  (B a lazs  and K u p fe r , 1 9 6 6 ), lo w erin g  
th e  p ro d u c tio n  of s t e r o i d s  by th e  a d re n a ls  i n  th e  r a t  ( F o s t e r ,  1 9 6 8 ), 
and d e c re a s in g  th e  re sp o n se  to  ACTE in  d o g s , (B a la z s ,  1 9 6 9 ) . Because: 
o f t h i s ,  o ,p ' -DDT h as  been  used in  th e  t r e a tm e n t  of a d re n a l  carcinoma* 
i n  man (M arsh a ll and Tom pkins, 1 9 68 ). R e c e n t ly ,  a  p o s s ib le  mechanism 
f o r  th e  a d r e n o c o r t ic o ly t ic  a c t io n  in v o lv in g  m e ta b o li te  c o v a le n t  
b in d in g  to  a d re n a l  m ito c h o n d r ia l  m acrom olecu les has been  p u b lis h e d  
(M artz and S tra w , 1 9 7 7 ).
S ince  DDT can  e le v a te  b lo o d  g lu c o s e ,  f i r s t  d e m o n stra te d  by S tohlm an 
and L i l l i e  ( l9 4 8 ) , o th e r  w orkers  have p u t fo rw ard  a l t e r n a t i v e  horm onal 
m echanism s, in  a d d i t io n  to  th o se  a l re a d y  d is c u s s e d .  In  p a r t i c u l a r ,
Yau and Mennear ( 1977) have shoim t h a t  a d m in is t r a t io n  of a  s in g le  dose 
o f DDT of u n s p e c if ie d  co m p o sitio n  was a b le  to  red u ce  g lu c o se  to l e r a n c e  
w ith o u t a f f e c t i n g  b a s a l  b lo o d  g lu co se  c o n c e n t r a t io n ,  t h i s  e f f e c t  
p e r s i s t i n g  f o r  a t  l e a s t  1 week a f t e r  d o s in g .  DDT a l s o  i n h i b i t s  g lu c o se
and to lb u ta m id e  s t im u la t io n  of i n s u l i n  r e le a s e  from  i s o l a t e d  p a n c re a t ic  
i s l e t s . DDT has  a l s o  been  r e p o r te d  to  prom ote h e p a t ic  g ly c o g e n o ly s is  
by a c t i v a t i n g  g lyco g en  p h o sp h o ry lase  (H ickenbottom  and Y au, 1 9 7 4 ).
In  c o n t r a s t .  S to ry  and co w o rk ers , u s in g  in  s i t u  p e r fu s e d  l i v e r s  
( s to r y  e t  a l . ,  1 9 7 6 ), o r i s o la t e d  h e p a to c y te s  (S to ry  and F re e d la n d  1 9 7 8 a ,b ) , 
have shown, w ith  o , p ’-DDT, an i n h i b i t i o n  of g lu e  o n eo g en esis  from  
l a c t a t e ,  b u t  n o t g ly c e r o l ,  su g g e s tin g  t h a t  DDT a f f e c t s  g lu e o n e o g e n e s is  
betw een  p y ru v a te  and t r io s e p h o s p h a te s .
In  c o n t r a s t  to  th e s e  s tu d i e s ,  J e f f e r i e s  has p u t fo n m rd  a  th e o ry  
t h a t  many of th e  s u b le th a l  e f f e c t s  of o rg a n o c h lo r in e  i n s e c t i c i d e s  r e s u l t  
from  a  v e iy  few i n i t i a l  le s io n s  in v o lv in g  th e  th y ro id  g la n d  ( J e f f e r i e s ,  1969, 
1975; J e f f e r i e s  and F re n c h , 1971). N elson  e t  a l .  ( l9 4 4 ) w ere th e  f i r s t  
t o  show t h a t  s u b le th a l  doses of DDT cau sed  a  r e d u c t io n  in  th y r o id a l  
c o l lo id  i n  r a t s ,  g u in e a  p ig s ,  r a b b i t s  and d o g s , b u t  l i t t l e  e l s e  was 
p u b lis h e d  u n t i l  1968, when F re g ly  e t  a l .  ( l9 6 8 ) showed t h a t  DDD le d  
to  in c re a s e d  th y r o id  w e ig h ts ,  w h ile  Wasserman e t  a l .  ( l9 7 2 )  found  a  
s im i la r  e f f e c t  w ith  d i e l d r i n  i n  r a t s .  J e f f e r i e s  and F ren ch  (1972) 
d em o n stra ted  a  s im i l a r  e f f e c t  o f e n la rg e d  th y r o id  w ith  re d u c e d  c o l l o i d  
and e p i t h e l i a l  h y p e rp la s ia .,  u s in g  DDT o r d i e l d r i n ,  i n  th e  p ig e o n .
C o n v e rse ly , R ic h e r t  and P ra h la d  ( l9 7 2 ) found  in c re a se d  c o l lo id  in  th e  
Jap an ese  q u a i l  f e d  DDT c h r o n ic a l ly ,  and th e n  re tu rn e d  to  th e  c o n t r o l
d i e t  f o r  85 days b e fo re  ex a m in a tio n . R a ts  ap p ea red  h y p o th y ro id  a f t e r
DDD (F re g ly  e t  a l . ,  1 9 6 8 ), w h ile  in  man dosed w ith  o ,p ' -DDD f o r  the :
tr e a tm e n t  of a d re n a l  ca rc in o m a, Danowski e t  a l  ( l9 6 4 ) showed a
r e d u c t io n  in  p r o t e i n  bound io d in e  (PB l) in  b lo o d . One e x p la n a tio n  f o r
t h i s  i s  t h a t  DDT and i t s  m e ta b o li te s  com pete w ith  th y ro x in e  f o r  the;
t r a n s p o r t  p r o te in s , ,  le a d in g  to  in c re a s e d  amounts f r e e  f o r  e x c r e t io n
o r m e tab o lism . S in ce  th e  l i v e r  i s  a l s o  e n la rg e d ,  t h i s  c o u ld  le a d  t o
in c re a s e d  c a ta b o lism  and e x c r e t io n  of th y r o id  horm ones. Some ev id en ce
f o r  t h i s  came from  B asiom sby ( l9 7 4 ) , who found t h a t  p , p ’-DDT c a u se d
-125 ■in c re a s e d  b i l i a r y  c le a ra n c e  of I - T .•  However, th e se  th y r o id  e f f e c t s  
a re  h a rd ly  s u f f i c i e n t  to  e x p la in  th e  d i f f e r e n c e s  o b served  in  
c a rb o h y d ra te  m etab o lism  a lre a d y  d is c u s s e d .
In  a d d i t io n ,  th e r e  i s  a la rg e  number of p u b l i c a t io n s  w h ich  d e a l, 
w ith  o th e r  b io c h e m ic a l a b n o rm a lit ie s : in d u ced  by o rg a n o c h lo r in e  
i n s e c t i c i d e s ,  n o t  d i r e c t l y  r e l a t e d  t o  t h e i r  a c u te  t o x i c i t y .
D a rs ie  e t  a l .  (1976) showed an i n h i b i t i o n  of c h a in  e lo n g a t io n  
and d es a tu r a t io n  o f f a t t y  a c id s  w ith  b o th  o ,p ’-BDT and p , p ’-DDT, 
w hich  led. t o  an  e s s e n t i a l  f a t t y  a c id  d e f ic ie n c y  in  r a t s .
Amino a c id  m etabo lism  can a ls o  be d is tu rb e d . .  D avies e t  a l .  ( l9 6 9 )  
showed t h a t  w o rk ers  exposed to  p e s t i c id e s  showed a  d ec re ase d  a b i l i t y  
to  re a b s o rb  amino a c i d s , le a d in g  to  a m in o a c id u r ia .  Some of them  a l s o
showed e le v a te d  l e v e l s  of s e v e ra l  amino a c id s  i n  p lasm a a s  w e ll  as  
h ig h e r  serum  tr a n s a m in a s e s , a lk a l in e  p h o sp h a ta se s  and  serum  o s m o la r ity  
(T occi e t  a l . ,  1 9 6 9 ). F ree  amino a c id s  in  th e  b r a in  and k id n e y  have 
a l s o  been  shown to  be low ered  by p,p '-D D T i n  th e  g u in e a  p ig  
(D ik s h ith  e t  a l . ,  1 9 7 5 ). Me h r  le  and cow orkers have, s i m i l a r l y  shoivn 
in c re a s e d  serum  amino a c id s  in  th e  rainbow  t r o u t  a f t e r  c h ro n ic  ex posu re  
t o  DDT or d i e l d r i n  (iviehrle e t  a l . , 1 9 7 1 ), w h ile  f u r t h e r  w ork in d ic a te d  
t h a t  d i e l d r i n  i n h i b i t e d  p h e n y la la n in e  u t i l i s a t i o n  by  lo w e rin g  
p h e n y la la n in e  h y d ro x y la se  a c t i v i t y  (M ehrle and D ec lu e , 1 9 7 2 ) .
Morgan and Roan (1 9 7 4 ), how ever, w ere u n ab le  to  show any e f f e c t  
on l i v e r  f u n c t io n  in  human p e s t i c id e  w orkers  exposed to  DDT o r  d i e ld r in »
I t  h as  been  su g g e s te d  th a t  DDT co u ld  cause  an in c r e a s e  i n  
c h o le s t e r o l  s y n th e s is  (Rashad e t  a l . ,  1 9 7 6 ), s in c e  a  c o r r e l a t i o n  
was observ ed  betw een  t i s s u e  r e s id u e s  and serum c h o l e s t e r o l ,  w h ile  
Ish ik aw a  e t  a l .  (1978) showed t h a t  a d m in is t r a t io n  o f a  v a r i e t y  o f 
c h lo r in a te d  h y d ro ca rb o n s  to  r a t s  le d  to  an  e l e v a t io n  i n  serum  h ig h - d e n s i ty  
l i p o p r o te i n  c h o l e s t e r o l  w hich h as  been  shoivn to  be i n v e r s e ly  c o r r e l a t e d  
t o  co ro n a ry  a r t e r y  d is e a s e »
1 .8  DEVELOPMENTAL BIOCI-miSTBY
1 .8 .1  G en era l
The change, in  env ironm ent f o r  th e  n e o n a te  from  th e  in t r a u te r in e ;  
s t a t e  to  th e : o u ts id e  w o rld  r e q u i r e s  a  r a p id  a d a p ta t io n  i n  m e tabo lic ; 
com petence, a s  does w ean ing , and th e re  a re  p rofound  changes in  many 
enzymes in v o lv ed  in  d i f f e r e n t  a re a s  of m e tab o lism , w h ich  can  be d iv id e d  
in t o  a  number of c h a r a c t e r i s t i c  p a t te r n s ,  t h a t  c o r r e l a t e  w i th  known 
m e tab o lic ; a d a p ta t io n s  w hich occur d u r in g  p r e -  and post?- n a t a l  
developm ent in  th e  r a t  ( S n e l l ,  1971:). T h e se  p a t t e r n s  c a n  be r e s o lv e d ,  
on th e  b a s i s  of f i r s t  appearance  of enzyme a c t i v i t y ,  i n t o  3 tem p o ra l 
g roups (G reen g ard , 1971; S n e l l , 1 9 7 1 ), w hich  G reengard  h a s  d en o ted  
th e  l a t e  f o e t a l ,  n e o n a ta l  and l a t e  s u c k l in g  c l u s t e r s .  The appearance, 
o f a  c h a r a c t e r i s t i c  enzyme a t  a  s p e c i f i c  d evelopm en ta l s ta g e  sh o u ld  
th e r e f o r e  se rv e  PS a  s e n s i t i v e  i n d i c a to r  o f the  d e v e lo p m en ta l com petence 
o f th e  an im al a t  t h a t  a g e . In  a d d i t i o n ,  a ssay s : o f g ro u p s  o f enzymes 
b e lo n g in g  to  a  c l u s t e r  sh o u ld  enhance th e  r e s o lv in g  pow er o f the . 
te c h n iq u e ,  and t h i s  has been  used  by Knox ( l9 7 2 ) .  D if f e r e n c e s  w i l l  
r e f l e c t  n o t  on ly  th e  in h e re n t  norm al f u n c t io n ih g  of h e p a t ic  t i s s u e , 
b u t  a l s o  g e n e ra l body fu n c t io n  and n e u r a l  i n t e g r i t y .  T h is  i s  b e c a u se  
th e  e v o lu t io n  of enzymes a t  th e  v a r io u s  dev e lo p m en ta l s ta g e s  i s  •
c r i t i c a l l y  dependen t on th e  p re sen ce  and c o - o r d in a t io n  o f  h o rm onal.
n u t r i t i o n a l ,  and en v iro n m en ta l f a c t o r s  (Vernon and W a lk e r , 1968; G reen g ard , 
1971;; S n e l l  and. W a lk e r, 1972, 1974; F e ig e ls o n ,  1 9 7 3 ). A lth o u g h  theer 
s p e c i f i c  f a c t o r s  in v o lv e d  have n o t been  e n t i r e l y  r e s o lv e d ,  sho^m below  
a re  some of th e  in f lu e n c e s  w hich have been  im p lic a te d  i n  c o n t r o l l i n g  
d e v e lo p m e n ta l enzyme a c c u m u la tio n s .
F a c to rs  In v o lv ed  In  D evelopm ental Enzyma A ccum ula tions 
F o e ta l  P e r io d
Hormonal : A d ren a l c o r t i c o id s  
T hy ro id  hormones 
P i t u i t a r y  
N u t r i t i o n a l :  M ate rn a l g lu c o se  su p p ly
P e r in a t a l  Pe r i o d
Horm onal: P a n c re a tic ,  hormones 
N u t r i t i o n a l :  C arb o h y d ra te  to  L ip id  t r a n s i t i o n
P o s tn a t a l  P e r i  od
Hormonal P i tu i t a r y - a d r e n a l  a x is  a c t i v a t e d  
T h y ro id  hormones 
I n s u l in
N u t r i t i o n a l  ; L ip id  t o  c a rb o h y d ra te  t r a n s i t i o n  -
A do lescen t  P e r io d
Hormonal:: O e s tro g e n -n e u ro e n d o c rin e  i n t e r a c t i o n s
In  a d d i t io n  to  enzyme a c t i v i t i e s ,  o th e r  b io c h e m ic a l pargim eters 
can  a l s o  se rve : a s  s e n s i t i v e  in d i c a to r s  of norm al d ev e lo p m en t, s in c e  
th e y  show c h a r a c t e r i s t i c  m o d if ic a t io n  a t  s p e c i f i c  s ta g e s  of developm ent*.
T h is  i s  p a r t i c u l a r l y  so d u rin g  th e  p e r i n a t a l  p e r io d  when horm ones and! 
m e ta b o li te s  in  th e  b lo o d  undergo c o n s id e ra b le  changes i n  re sp o n se  to  
th e  t r a n s i t i o n  of th e  newborn an im al from  th e  u te r i n e  t o  th e  e x t r a u te r in e  
env ironm ent ( S n e l l  and W alker, 1973a; G ira rd  e t  a l # ,  1 9 7 3 ) .
1 .8 .2  G lucose R equirem ent
In  more d e t a i l ,  th e  changes w hich o ccu r i n  th e  p e r i n a t a l  o rgan ism  
a re  a s  fo l lo w s .  A t b i r t h ,  the . neo n a te , i s  su d d en ly  p la c e d  i n  a  s i tu a t io n !  
w here g lu c o se  i s  no lo n g e r  b e in g  s u p p lie d  d i r e c t l y  by  th e  m o ther v i a  
th e  p la c e n ta ,  and th e r e  i s  a p e r io d  of s e v e r a l  h o u rs  w here th e  n eo n a te  
becomes q u i te  s e v e re ly  hypog lycaem ic. T h is  h a s  b een  o b se rv e d  in  human 
b a b ie s ,  p a r t i c u l a r l y  th o se  t h a t  a re  p re m a tu re  o r  sm a ll f o r  g e s t a t i o n a l  
age (Adams, 1971; E x to n , 1972; P a g l ia r a  e.t a l . ,  1973; S h e l le y  and N e lig a n , 1966) 
and th e  newborn r a t  (D aw kins, 1963a; Yeung and O liv e r ,  1968 ; Cake e t .  a l » ,
1971; S n e l l  and W alk e r, 1973a; B a l la r d ,  1 9 7 1 a ;:G ira rd  e t  a l . ,  1 9 7 3 ), 
a lth o u g h  n o t  in  th e  g u in e a  p ig  (R ob inson , 1 9 7 6 ) . The h y p o g ly caem ia  
i n  th e  r a t  i s  th e  r e s u l t  of an in c re a s e d  r a t e  of g lu c o se  u t i l i s a t i o n  
r e l a t i v e  t o  th e  r a t e  of g lu co se  fo rm a tio n  (S n e l l  and W a lk e r , 1 9 7 3 ).
R eco v e ry , w hich commences b e fo re  s u c k lin g  o c c u rs , seems to  be due 
p r im a r i ly  to  a  m arked d e c re a se  i n  th e  r a t e  of g lu c o se  u t i l i s a t i o n ,  and 
c o in c id e s  w ith  th e  breakdow n of th e  la rg e  h e p a t ic  s to r e  of g lycogen  
(G reen g a rd , 1970) w hich  has b u i l t  up i n  l a t e  f o e t a l  l i f e  to  10^ o f th e  
l i v e r  w e ig h t (D aw kins, 1963b),  T h is  m o b i l iz a t io n  of g lyco g en  may be 
m e d ia te d  by a  r a p id  f a l l  i n  i n s u l i n  w hich o ccu rs 1-2 h o u rs  a f t e r  b i r t h ,  
in d e p e n d e n tly  of g lu cag o n  and c y c l ic  ad en o sin e  m onophosphate (cAMP)
(S n e l l  and W a lk e r , 1 9 7 8 ), a lth o u g h  g lucagon  o r cAMP a d m in is t r a t io n  to  
r a t  f o e tu s e s  r e s u l t e d  i n  a  r a p id  d e c re a se  in  h e p a t ic  g ly co g en  and 
in c re a s e d  p h o sp h o ry la se  a c t i v i t y  (Cake and O liv e r ,  1969;; G ira rd  and B a l , 
1970; G reengard  and Dewey, 1 9 70 ). H e p a tic  g lycogen  th e n  re a c c u m u la te s  
ov er th e  n e x t few weeks (B a lla rd  and O liv e r ,  1963; A rd a lo v ic  e t  a l * ,  1 9 7 0 ), 
u n t i l  ab o u t 30 Days i t  h as  reach ed  th e  a d u l t  l e v e l  of 3 -5 ^  of l i v e r  
w e ig h t (S n e ll  and W alk e r, 1973).
In  a d d i t io n ,  th e  n e o n a ta l  l i v e r  r a p id ly  a c q u ire s  th e  c a p a c i ty  t o  
c a r r y  o u t g lu e o n e o g e n e s is  (S h e ll  and W alk e r, 1973; B a l l a r d ,  1 9 7 1 b ).
T h is  i s  an im p o r ta n t p ro c e s s  i n  th e  s u c k lin g  r a t ,  w here th e  m ilk  i s  
p a r t i c u l a r l y  low in  c a rb o h y d ra te  c o n te n t ,  w ith  a c a lo r i c  co m p o sitio n  
o f 69^ l i p i d ,  2 jÿ  p r o te i n  and 8^ c a rb o h y d ra te  (Dymsza e t  a l . ,  1 9 6 4 ).
The developm ent o f g lu e o n eo g en es is  a t  b i r t h  i s  th o u g h t to  be c o n t r o l l e d ,  
i n  p a r t ,  by  th e  ap p ea ran ce  o f p h o sp h o en o lp y ru v a te  c a rb o x y k in ase  (PEPCK)
( B a l la r d ,  19 7 1 b ), one of th e  key enzymes o f g lu c o n e o g e n e s is . PEPCK 
a c t i v i t y  i s  v e ry  low in  th e  te rm  fo e tu s  ( B a l la r d ,  1971b; P ea rce  e t  a l . ,  
1974; Vernon and W alk er, 1968 ), com pared t o  f r u c to s e  1 ,6 —b is p h o s p h a ta se  
and g lu e o se -6 ~ p h o s p h a ta se , w hich a re  a lm o s t a t  a d u l t  a c t i v i t i e s  a t  
b i r t h .  PEPCK r i s e s  r a p id ly  in  th e  f i r s t  two days a f t e r  b i r t h  and th e n ,  
a s  w ith  th e  o th e r  g lu c o n eo g en ic  enzymes rem ains e le v a te d  r e l a t i v e  to  
th e  a d u l t  l e v e l  th ro u g h o u t suck ling* . A t w ean in g , when th e  re q u ire m e n t 
f o r  g lu c o se  s y n th e s is  i s  re d u c e d , a l l  th e  enzymes of g lu c o n e o g e n e s is  
f a l l ,  b u t  th e  d e c l in e  in  PEPCK i s  th e  m ost r a p id  (V em on and  W a lk e r, 1968) , 
em p h asis in g  i t s  im p o rtan ce  in  r e g u la t i o n .  V /hether o r n o t  changes in  
PEPCK a c t i v i t y  d i r e c t l y  r e g u la te  g lu c o n e o g e n e s is  i n  t h i s  s i t u a t i o n  i s  
n o t  c l e a r ,  b u t  g lu cag o n  a d m in is t r a t io n  to  new -born r a t s  h a s  been  shown 
t o  p re m a tu re ly  in d u ce  th e  s y n th e s is  of PEPCK and to  i n i t i a t e  th e  
c a p a c i ty  f o r  g lu c o n e o g e n e s is  s im u lta n e o u s ly  (Yeung and O l iv e r ,  1968% 
P h i l i p p id i s  and B a l l a r d ,  1970).
Use of l i v e r  p e r fu s io n  to  m easure a c tu a l ,  g lu c o n eo g en ic  r a t e s  i n  
s u c k lin g  r a t s  h as  shown t h a t  th e  in c re a s e d  a c t i v i t y  o f g lu c o n e o g e n ic  
enzymes m easured in  v i t r o  i s  m ir ro re d  by a  more, th a n  doubled, r a t e  of 
g lu co se , p ro d u c tio n  from  p y ru v a te  r e l a t i v e  t o  th e  a d u l t  r a t e  
(B eaudry e t  a l . ,  1 9 7 7 ), and i s  in c re a s e d  from  l a c t a t e  i n  l i v e r s  from  
10 day o ld  r a t s  ( S n e l l ,  1974).
A s im i la r  enzyme p a t t e r n  has been  observed  in  a  l im i te d  number 
o f  c a s e s  in  human i n f a n t s :  g lu c o s e -6 -p h o s p h a ta s e ,  f r u c to s e  1 ,6 -b is p h o sp h a ta s e  
and a l s o  p y ru v a te  c a rb o x y la se  a c t i v i t i e s  a l l  in c re a s in g  s l i g h t l y  a f t e r  
b i r t h ,  b u t  PEPCK shows a  5 - fo ld  change over th e  f i r s t  ID days 
(M arsac e t  a l . ,  1976; E d ihd  and L in d ro s , 1 9 6 9 ).
1 .8 .3  L ip o g e n e s is
A lthough  th e  newborn r a t  has to  a c q u ire  a  g lu c o n eo g en ic  c a p a b i l i t y  
v e ry  r a p id ly  a f t e r  b i r t h ,  th e  re q u ire m e n t f o r  l ip o g e n e s is  d u r in g  
s u c k lin g  i s ,  i n  c o n t r a s t ,  v e ry  low , due to  th e  h ig h  f a t  c o n te n t  of th e  
d i e t .  T hus, th e  enzymes in v o lv ed  i n d i r e c t l y  o r d i r e c t l y  i n  l i p i d  
s y n th e s i s ,  such a s  g lu c o se -6 -p h o sp h a te  d eh y d ro g en a se , m a lic  enzyme 
(m a la te  dehydrogenase  (NADP)), and A T P - c i t r a te  ly a se  e i t h e r  show a  
r a p id  f a l l  im m ed ia te ly  a f t e r  b i r t h ,  o r a re  n o t  p r e s e n t  u n t i l  w e a n in g . 
L ip o g e n e s is  i s  re q u ire d , in  th e  f o e tu s ,  s in c e  l i p i d s  do n o t  c ro s s  th e  
p la c e n ta  (P o p jà k , 1954; C a r r o l l ,  19 6 4 ). B efo re  b i r t h  g lu c o se —6 -p h o sp h a te  
dehydrogenase  i s  p r e s e n t  a t  a  h ig h e r  l e v e l  th a n  i n  th e  a d u l t  f o r  b o th  
th e  r a t  (Burch e t  a l . , 1963) and th e  g u in e a  p ig  (Leu and W a lk e r, 1 9 6 4 ). 
P resum ably  i t  i s  a b le  to  p ro v id e  a l l  th e  NADPH re q u ire d , f o r  l i p i d  
s y n th e s is  d u r in g  g e s t a t i o n ,  s in c e  m a lic  enzyme, w hich  i s  th o u g h t to  
c o n t r ib u te  to  NADEH s y n th e s is  i n  th e  a d u l t  (Wise and B a l l ,  1964;
Young, Shrago and L a rd y , 19 6 4 ), i s  e s s e n t i a l l y  a b s e n t u n t i l  w eaning  
(Vernon and W alk e r, 1 9 6 8 ). A T P -c it ra te  l y a s e ,  w hich f u n c t io n s  to  
t r a n s f e r  a c e ty l  CoA from  in s id e  th e  m ito c h o n d ria  t o  th e  c y to s o l  f o r  
f a t t y  a c id  s y n th e s i s ,  and i s  th o u g h t to  be a  r a t e - c o n t r o l l i n g  s te p  
( S r e r e , 1959;: K ornacker and L o w en ste in , 1965; L e v e i l le  and  H anson, 1 9 6 6 ), 
a l s o  shows a  r a p id  f a l l  around th e  tim e  of b i r t h ,  and r e a p p e a rs  a t  
ab o u t 3 weeks of a g e . These l ip o g e n ic  enzymes a re  a l l  r e p r e s e n t a t i v e  
of th e  l a t e  s u c k lin g  c l u s t e r .
1 .8 .4  G ly c o ly s is
L ik e w ise , enzymes of g ly c o ly s i s ,  such  a s  g lu c o k in a s e , 
p h o s p h o fru c to k in a se  and p y ru v a te  k in a s e ,  w hich  a c t  i n  o p p o s i t io n  t o  
th o s e  of g lu c o g e n e s is ,  have d evelopm en ta l p a t te r n s  w hich a re  th e  
re v e r s e  of t h e s e ,  w ith  r e l a t i v e l y  low a c t i v i t i e s  r e l a t i v e  t o  th e  a d u l t  
l e v e l  d u r in g  s u c k l in g .  G lucokinase . i s  one of fo u r  g lu c o se  p h o s p h o ry la t in g  
isoenzym es p r e s e n t  i n  r a t  l i v e r .  The o t h e r s , w hich a re  c o l l e c t i v e l y  
known a s  th e  h e x o k in a s e s ,  have a  low and a re  e s s e n t i a l l y  s a tu r a t e d  
a t  a l l  p h y s io lo g ic a l  c o n c e n tra t io n s  of g lu c o se ;: th e y  th u s  have l i t t l e  
r e g u la to r y  f u n c t io n .  G lu c o k in a se , on th e  o th e r  h an d , i s  a  h ig h  E ^ , 
h ig h ly  s p e c i f i c  enzym e, w hich in  th e  a d u l t  i s  s t r i c t l y  r e g u la te d  a c c o rd in g  
t o  th e  l e v e l  of c a rb o h y d ra te  i n  th e  d i e t  (P e rez  e t  a l . ,  1964;
N iem eyer e t  a l . ,  1 9 6 2 ). U n like  h e x o k in a se , w hich i s  p r e s e n t  in  f o e t a l  
r a t  l i v e r  and f a l l s  to  th e  a d u l t  l e v e l  by day 19 of g e s t a t i o n ,
(W alker, 1963; W alker and H o lla n d , 1965; S h a tto n  e t  a l . ,  1969;
Segmen e t  a l . ,  1 9 7 2 ), g lu c o k in a se  i s  a b s e n t  u n t i l  th e  l a t e  s u c k lin g  
p e r io d  (W alker, 1 9 6 5 ).
P ÿ ru v a te  k in a se  and p h o sp h o fru c to k in a se  a re  p r e s e n t  a t  q u i t e  
h ig h  l e v e l s  i n  g e s t a t i o n ,  f a l l  t o  ab o u t 30p of th e  a d u l t  l e v e l  d u r in g  
s u c k lin g  and. th e n  r i s e  a t  w eaning (V èrnon and W alk e r, 1 9 6 8 ) .
1 .8 .5  S tim u li  f o r  In d u c tio n  of Enzymes
The p h y s io lo g ic a l  t r i g g e r s  w hich le a d  t o  th e  ap p e a ra n c e  o f th e s e  
l a t e  s u c k lin g  enzymes have been  much in v e s t ig a t e d  in  th e  l a s t  few  
y e a r s ,  b u t  th e r e  i s  s t i l l  some d is p u te  a s  to  th e  e x a c t c a u s e s .
D uring  e a r ly  p o s tn a t a l  l i f e ,  th e  p i t u i t a r y - a d r e n a l  a x i s  i s  in a c t iv e  
i n  t h a t  s t r e s s  does n o t r e s u l t  in  in c re a s e d  g lu c o c o r t ic o id  s e c r e t i o n ,  
(H altm eyer e t  a l . ,  1 9 6 6 ). T h is e n d o c rin e  fu n c t io n  becom es a c t iv e ,  
on ab o u t th e  12 th  p o s tn a t a l  d ay , when th e r e  i s  a l s o  a  l a r g e  in c r e a s e  
i n  th e  s e c r e t io n  of th y r o id  hormone (Hommes e t  a l . ,  1969 ; P a r t r i d g e  e t  a l .  ,
1 9 7 5 ). I n j e c t i o n  of th y ro x in e  from  day 7 onwards can  le a d  t o  th e  
p rem a tu re  ap p ea ran ce  of m a lic  enzyme and p y ru v a te  k in a se . (G reengard  *
and Jam d ar, 1 9 7 1 ), w hereas g lu c o k in a se  can  be evoked a. week b e fo re
i t s  norm al ap p ea ran ce  by a co m bination  of h y d ro c o r tiso n e  and g lu co se  
(Jam dar and G re e n g a rd , 1970). Adelman and Freeman ( l9 7 2 )  have 
r e p o r te d  t h a t  g lu c o k in a se  can be in d u ced  a t  th e  4 th  p o s tn a t a l  day by 
c o r t i c o t r o p i n  o r  i n s u l i n .  In  c o n t r a s t  P a r t r id g e  e t , a l * ,  ( l9 7 5 ) 
showed t h a t  a d m in is t r a t io n  of t r i io d o th y r o n in e  as  e a r ly  a s  th e  2nd 
p o s tn a t a l  d a y , fo llo w e d  by g lu co se  i n j e c t i o n s  le d  to  in d u c t io n  of 
g lu c o k in a se .-  A f te r  th e  1.0th d a y , c i r c u l a t i n g  th y ro x in e  i s  a t  a  s u f f i c i e n t l y  
h ig h  le v e l  f o r  g lu c o se  a lo n e  to  induce g lu c o k in ase :. W alker and 
H olland  ( l9 6 5 )  showed t h a t  b o th  g lu c o se  and i n s u l i n  w ere re q u ir e d  fo i r  
th e  co n tin u ed  developm ent of g lu c o k in a s e , s in c e  i t  was p re v e n te d  by 
f a s t i n g ,  a  c a rb o h y d ra te —f r e e  d i e t  o r a l lo x a n  d ia b e te s -  A T P -c i t ra te  
ly a se  can n o t be in d u c ed  p re m a tu re ly  by e i t h e r  th y ro x in e  o r  h y d ro c o r t i s o n e ,  
b u t  can  be induced  on day 14 by i n t r a g a s t r i c  a d m in is t r a t io n  o f g ly c e r o l ,  
g lu c o se  o r f r u c to s e  (G reengard  and Jam d ar, 19 7 1 ). ly r u v u te  k in a se  
a c t i v i t y  was a l s o  in c re a s e d  by t h i s  t r e a tm e n t .
In  c o n c lu s io n ,  th e  s t im u l i  w hich le a d  t o  th e  ap p ea ran ce  o f v a r io u s  
enzymes have n o t been  co m p le te ly  e lu c id a t e d ,  one re a s o n  p e rh a p s  b e in g  
th e  change in  th e  com petence of a t i s s u e  to  re sp o n d  to  d i f f e r e n t  s t im u l i  
d u r in g  th e  d ev e lo p m en ta l p e r io d .  F o r exam ple,, as in d i c a te d  a b o v e , e i t h e r  
th y ro x in e  o r g lu c o c o r t ic o id s  a re  r e q u ir e d  w ith  g lu c o se  t o  in d u ce  g lu c o k in a s e  
b e fo re  10 d a y s . A f te r  t h i s  t im e , th e  enzyme w i l l  respond  to  g lu c o se  a lo n e .
1.8.6 Neonatal Susceptibility
S ince  th e  d ev e lo p m en ta l changes in  enzyme le v e ls  a re  so  c r i t i c a l l y  
d ependen t on e n d o c r in e ,  n e u ra l  and n u t r i t i o n a l  in f lu e n c e s ,  i t  i s  n o t  
s u p r i s in g  t h a t  th e  changes can  be m o d ified  by e x p e r im e n ta l m a n ip u la tio n s  
(G reen g a rd , 1971; S n e ll  and W alker, 1972, 1974; D uff and S n e l l ,  1 9 7 8 ). 
E xposure of th e  n e o n a te  to  en v iro n m en ta l ch em ica ls  may be p a r t i c u l a r l y  
h a rm fu l b ecau se  of th e  in h e re n t  s u s c e p t i b i l i t y  of th e  im m ature an im al 
to  to x ic  i n s u l t ,  due to  a  v a r i e ty  of f a c t o r s :  im m atu rity  o r  absence
of enzymes of x e n o b io t ic  m etabo lism  (E r ik s s o n  and Y a f fe ,  1973;
G i l l e t t e  and S t r ip p ,  1975; D ickerson  and B asu , 1975); membrane b a r r i e r s  
g o v e rn in g  i n t e s t i n a l  a b s o rp tio n  (K oldovslsy, 1972; H enning and E re tc h m e r, 
1 9 7 5 ), and t r a n s p o r t  a c ro s s  th e  b lo o d -b ra in  b a r r i e r  (N yhan, 1961;
S h a p iro ,  1971; Crem er e t  a l . ,  1976); r e n a l  e x c re to ry  c a p a c i ty  
(B a x te r  and Y o ffe y , 1948; Capek and J e l i n e k ,  1956; B e r n s te in ,  1 9 7 2 ), 
p r o t e i n  b in d in g  c a p a c i t i e s  in  b lood and o th e r  t i s s u e s  (K o b y le tz k i , 11971); 
and d i f f e r e n c e s  i n  pathw ays of in te rm e d ia ry  m etabo lism  (G reen g a rd , 1971; 
S h e l l  and W alk e r, 1973; Baquer e t  a l . ,  1973; M acDonell and G re e n g a rd , 
1 9 7 4 ), and in  th e  c e l l u l a r  co m p o sitio n  of t i s s u e s  (T ennyson, 1970:
P e a s e , 1971; G reengard. e t  a l . ,  1 9 72 ).
Use of d is tu rb a n c e s  in  p e r in a t a l  enzyme developm ent to  d e te c t  
c o v e r t  t o x i c i t y  h as  a l re a d y  been  a p p lie d  in  th e  case  of m ethy lm erchry
in d u c ed  derangem ents (S n e ll  e t  a l . ,  1 9 7 7 ). O ther s e n s i t i v e  m ethods 
w hich have been  employed f o r  th e  e v a lu a t io n  of d ev e lo p m en ta l t o x i c i t y  
in c lu d e  b e h a v io u ra l  t e s t s  (S p y k er, 1 9 7 5 a ,b ) and t e s t s  o f th e  
o ccu rren c e  of s p e c i f i c  developm en ta l e v e n ts  (S h ap iro  e t  a l , , 1970;
S p y k er, 1 9 7 5 a ,b ) , and some of th e se  a re  l i s t e d  b e lo w .
E v a lu a tio n  of D evelopm ental T o x ic i ty
1) M orp h o lo g ica l c h a r a c t e r i s t i c s ;  p o s tu r e ,  f u r  c o n d i t io n .
2) G rowth; body and organ  w e ig h ts  ; r a t e  of g row th .
3 ) M a tu ra t io n a l e v e n ts :  age of e a r  and eye opening  ; a q u i s i t i o n  o f f u r .
4 ) S p e c i f ic  r e f l e x e s :  r ig h t in g  r e f l e x ,  c o m e a l  r e f l e x ,  swimming r e f l e x .
5 ) A c t i v i t y :  h y p e r -  o r h y p o - a c t iv i ty  m easurem ents a t  v a r io u s  a g e s .
6) L ea rn in g  a b i l i t y :  maze t e s t s  and c o n d i t io n in g  re sp o n se  t e s t s .
7 ) S exual p a ra m e te r s :  age of se x u a l develo p m en t; r e p r o d u c t iv e  e f f i c i e n c y ;
f e r t i l i t y  r a t e .
A p p lic a t io n  of th e s e  t e s t s  may p ro v id e  th e  p o s s i b i l i t y  o f  e a r l y  
d e t e c t io n  of a b n o rm a li t ie s  induced  by e n v iro n m en ta l c o n ta m in a n ts ,  and th u s  
a llo w  C o r re c t io n  of any e a r ly  d ev e lo p m en ta l a b e r r a t i o n s ,  p e rh a p s  
p re v e n t in g  th e  e v o lu t io n  o f  f u n c t io n a l  d is o r d e r s  i n  l a t e r  l i f e #
1 .8 .7  Aims of th e  p r e s e n t  s tu d y
In  th e  p r e s e n t  w ork , u se  has been  made of d ev e lo p m en ta l enzyme 
p a ra m e te rs  to  a t te m p t to  d e te c t  any untow ard e f f e c t s  t h a t  th e  c h lo r in a te d  
h y d ro carb o n  p e s t i c i d e s  may have on th e  d e v e lo p in g  mammalian o rg an ism .
The n a tu re  of th e  enzymes w hich may be a f f e c te d  i n  t h i s  way w ould p ro v id e  
c lu e s  a s  to  th e  p o s s ib le  m e ta b o lic  derangem ents t h a t  c o u ld  a r i s e  from  
ex p o su re  to  th e  p e s t i c i d e s .  To t h i s  e n d , th e  s e l e c t i o n  o f enzymes t o  be 
in v e s t ig a t e d  was governed n o t on ly  by t h e i r  d ev e lo p m en ta l c h a r a c t e r i s t i c s ,  
b u t  a l s o  by th e  im p o rtan ce  of t h e i r  r o l e s  in  in te rm e d ia ry  m e ta b o lism , 
p a r t i c u l a r l y  c a rb o h y d ra te  and l i p i d  m e tab o lism . A l i s t  o f th e  enzymes 
em ployed , to g e th e r  w ith  t h e i r  m e ta b o lic  r o le  i s  shown i n  T ab le  1 .2 .
A lthough  m ost dev e lo p m en ta l to x ic o lo g y  i s  co nce rned  w ith  g ro s s  
a n a to m ic a l m a lfo rm a tio n s  r e s u l t i n g  from  th e  te r a to g e n ic  a c t i o n  o f c h e m ic a ls ,  
dev e lo p m en ta l a b n o rm a li t ie s  w ould be e x p e c te d  to  show a  d ose  re sp o n se  
r e l a t i o n s h i p ,  so  t h a t  below  th e  m a te rn o - o r  f o e t o - l e t h a l  s t a g e ,  b u t  above 
th e  so  c a l l e d  " n o - e f f e c t"  l e v e l ,  th e r e  may be a  dose ra n g e  in  w hich  
d i s o r d e r s  of d ev e lo p m en ta l f u n c t io n  may be in d u c e d . S in c e  t h i s  dose l e v e l  
i s  low er th a n  t h a t  w hich p roduces more e a s i l y  d e te c ta b le  l e s i o n s ,  i t  i s  
l i k e l y  to  be a more s e r io u s  hazard  of e n v iro n m en ta l p o l l u t â n t s ,  t y p i c a l l y  
p r e s e n t  a t  low c o n c e n t r a t io n s .
The w hole co n ce p t of a  " n o -e f f e c t"  l e v e l  i s  v e ry  d i f f i c u l t  t o  d e f in e .
Ti\BLE 1 .2
Enzymes Employed F o r D evelopm ental T o x ic i ty  Study
Enzyme EC Number M e ta b o lic  F u n c tio n
H exokinase EC 2 . 7 .1 .1 G ly c o ly s is
G lu co k in ase EC 2 .7 .1 .2 G ly c o ly s is .
P y ru v a te  k in a se EC 2 .7 .1 .4 0 G ly c o ly s is
A T P -c it ra te  ly a s e EC 4 .1 .3 .6 L ip o g e n e s is
"M alic enzyme" EC 1 .1 .1 .4 0 L ip o g e n e s is
G lu co se -6 -p îio sp h a te
D ehydrogenase EC 1 .1 .1 .4 9 L ip o g e n e s is
G lueo se -6 -p h o sp h a taae EC 3 .1 .3 .9 G lu co n eo g e n es is
F ru c to s e  1 ,6 -h is p h o sp h a ta s e EC 3 .1 .3 .1 1 G lu co n eo g e n es is
P h o sp h o en o lp y ru v a te
ca rb o x y k in ase
EC 4 .1 .1 .3 2 G lu co n eo g e n es is
s in c e  any ex posu re  to  a  compound w i l l  p roduce an e f f e c t  i f  th e  r e le v a n t  
p a ra m e te rs  can be m easured (S te v e n so n , 1 9 6 6 ). In  i t s  p la c e ,  th e  id e a  of 
a " n o -a d v e r s e - e f f e c t"  l e v e l  has been  su g g e s te d  (P o p p er, 1 9 6 7 ).
However t h i s  m ere ly  s h i f t s  th e  problem  to  d i s t in g u is h in g  betw een a d v e rse  
and n o -a d v e rse  e f f e c t s -  Roe (1968) h a s  su g g es ted  t h a t  th e  prob lem  of 
knowing how to  d i s t i n g u i s h  betw een a  to x ic  e f f e c t  and a n o n - to x ic  e f f e c t  
i s  n o t  on ly  u n re s o lv e d ,  b u t  u n r e s o lv a b le • S im ila r  c o n c lu s io n s  have 
b een  reached, by H atch  (l9 6 8 ) and O ser ( l9 6 9 ) .
N o tw ith s ta n d in g  th e s e  argum entsa, l i t t l e  d a ta  i s  a v a i la b l e  on th e  
d ev e lo p m en ta l t o x i c i t y  of chem ical s u b s ta n c e s ,  p a r t i c u l a r l y  a t  low Iev.e.1 
e x p o s u re , making i t  d i f f i c u l t  to  r e l a t e  any known e f f e c t s  a t  h ig h  d o ses  
w hich  have been  r e p o r te d  to  th e  le v e ls  o c c u r r in g  i n  th e  e n v iro n m e n t.
O rg an o ch lo rin e  i n s e c t i c i d e s  a re  known to  be t r a n s m i t te d  r e a d i ly  
in  m ilk  due to  i t s  h ig h  l i p i d  c o n te n t ,  le a d in g  to  heavy ex p o su re  of 
th e  n eo n a te  i n  c e r t a i n  c a s e s .  A lthough  th e  a c u te  t o x i c i t y  o f th e s e  
i n s e c t i c i d e s  i s  low , i t  seemed p o s s ib le  t h a t  norm al d ev e lo p m en ta l 
changes w hich o ccu r i n  re sp o n se  to  th e  i n t e r a c t i o n  of a  v a r i e t y  o f f a c t o r s  
co u ld  be s u s c e p t ib le  t o  th e  a c t io n  of th e s e  compounds, p a r t i c u l a r l y  i n  
v iew  of t h e i r  a b i l i t y  to  in f lu e n c e  hormone a c t io n .
To t h i s  e n d , th e  u se  of w hat G reengard  (l9 7 7 ) has term ed  
"enzyme p a th o lo g y "  —  th e  a n a ly s is  of q u a n t i t a t iv e  p a t t e r n s  of enzymes —
h as  been  used, to  p ro v id e  s e n s i t i v e  and o b je c t iv e  c r i t e r i a  f o r  norm al 
t i s s u e  d i f f e r e n t i a t i o n .  The u se  of th e  r a t  in  th e s e  s tu d ie s  can be 
r a t i o n a l i s e d  on th e  b a s i s  t h a t  a l th o u g h  th e  tim in g  of th e  d ev e lo p m en ta l 
changes in  man and th e : r a t  a re  o f te n  d i f f e r e n t ,  th e  enzyme p a t t e r n s  
and t h e i r  in d u c t iv e  t r i g g e r s  a re  s t r i k i n g l y  s im i la r  (G reen g a rd , 1 9 7 7 ).
F o r in s ta n c e  ty r o s in e  a m in o tra n s fe ra se  can  be p re m a tu re ly  in d u ced  i n  
th e  f o e t a l  r a t  by  a d m in is t r a t io n  of g lu cag o n  (G reengard  and Dewey, 1 9 6 7 ). 
T h is  hormone p ro b a b ly  t r i g g e r s  th e  n a t u r a l  r i s e  i n  th e  enzyme in  th e . 
r a t  a t  b i r t h ,  when g lucag o n  s e c r e t io n  in c r e a s e s  (G ira rd  e t  a l . ,  1 9 7 2 ). 
T y ro s in e  a m in o tra n s fe ra s e  can a l s o  be in d u c ed  in  human f o e t a l  l i v e r  
i n  c u l tu r e  by g lu cag o n  (K irby  and H ahn, 1973 ) .  S im i la r ly ,  a  r i s e  in  
g lu cag o n  a t  b i r t h  h as  a l s o  been  shown f o r  man (A ssan and G ir a r d ,  1 9 7 5 ).
In  a d d i t io n ,  ty r o s in e  a m in o tra n s fe ra se  a c t i v i t y  can be e v o lv e d  by  p rem a tu re  
d e l iv e r y  in  th e  r a t  (DeIV a lle  and G reen g a rd , 1977 ) ,  and  d e s p i t e  
b e in g  n e g l ig ib l e  i n  human fn e tu sn s : a t  24; w eek s, i t .  was h ig h  
in  18-week a b o r te d  fo e tu s e s  w hich s u rv iv e d  f o r  a  few h o u rs  a f t e r  
d e l iv e r y  (D elV alle  and G reen g ard , 1977)*
In  view  of th e  h o rm o n e-lik e  a c t io n s  a t t r i b u t e d  to  th e  o rg a n o c h lo r in e  
i n s e c t i c i d e s ,  i t  was reasoned, t h a t  a  s tu d y  o f t h e i r  in f lu e n c e  on enzym ic 
developm ent m igh t a l s o  p ro v id e  f u r t h e r  e v id en ce  f o r  th e  p a r t i c u l a r  
horm onal in f lu e n c e s  p ro p o sed  a s  s p e c i f i c  d evelopm en ta l t r i g g e r s  f o r  th e s e
enzym es. The hormones im p lic a te d  in  th e  developm ent o f enzymes employed.
in  th e  p r e s e n t  s tu d y  a re  sum m arised be low :
Enzyme Hormone Im p l ic a te d
G lucok inase
M alic Enzyme
T h y ro id
G lu co se -6 -p h o sp h a te  dehydrogenase 
A T P -c it ra te  ly a se  
ly ru v a te  k in a se
I n s u l in
P h osphoeno lpy ruvate
ca rb o x y k in ase
Glue ose—6 -p h o sp h a ta se
G lucagon
F or th e s e  s t u d i e s ,  i t  was c o n s id e re d  im p o rta n t t o  t r y  to  in v e s t i g a t e  
e f f e c t s  o c c u r r in g  a t  m ean in g fu l en v iro n m e n ta l c o n c e n t r a t i o n s ,  i n  o rd e r  
to  a s s e s s  th e  a c tu a l  h a z a rd s  in v o lv e d  in  norm al ex p o su re ,-  F o r t h i s  
r e a s o n ,  th e  p e s t i c id e  l e v e l s  u s e d , a l th o u g h  n o t  t y p i c a l  o f  ex p o su re  i n  
th e  developed  c o u n t r i e s ,  have been  r e p o r te d  i n  u n d e rd ev e lo p ed  n a t io n s .
w hich  s t i l l  make heavy use o f o rg a n o c h lo rin e . i n s e c t i c i d e s -
P a t t e r n s  of u se  a l s o  governed th e  p a r t i c u l a r  compounds s tu d ie d ,  
a s  w e ll  as  th e  g roups to  w hich th e y  b e lo n g e d . T h u s, DDT h as  been  m ost 
w id e ly  u sed  of t h a t  ty p e  of i n s e c t i c i d e  w h ile  th e  c y c lo d ie n e s  are . 
t y p i f i e d  by d i e l d r i n .
C H A P T E R  2
MATERIALS AND METHODS
M A T E R I A L S  A N D  M E T H O D  S
2 .1 .  CHEMICALS
A ll r o u t in e  ch em ica ls  u sed  w ere of "A nalar"  g rad e  o b ta in e d  from  
B r i t i s h  Drug Houses L td , (BDH), P o o le ,  D o r s e t ,u n l e s s  o th e n v is e  s t a t e d .  
N ico tin am id e  ad en in e  d in u c le o t id e  p h o s p h a te , A gid e x , an  am y lo g lu co s id ase  
p r e p a r a t io n ,  and h e p a r in  w ere a l s o  o b ta in e d  from  t h i s  s o u rc e .
2 ,5 -d ip h e n y lo x a z o le  (PPO) and 1 ,4 —b i s - [ 2 - ( 5pheny 1 oxazoy 1 ) ]  —benzene 
(POPOP) w ere of S c i n t i l l a t i o n  g rade o b ta in e d  from  P ack ard  In s tru m e n t.
I n c . ,  Downers G rove , 111. 60515, USA.
Bovine serum  a lb u m in , Cohn F r a c t io n  V, f o r  p r o te in  S ta n d a r d i s a t io n ,  
and E s s e n t i a l l y  F a t ty  A c id -F ree  Albumin f o r  p e r f u s io n ,  a d e n o s in e  t r ip h o s p h a te  
( d i s odium s a l t ) ,  in o s in e  d ip h o sp h a te  (monosodium s a l t )  , g lu c o se  -6 -p h o sp h a te  
(monosodium s a l t )  , p y ru v ic  a c id ,  2-a m in o -2 -(h y d ro x y m e th y l)p ro p a n e -1  ,B -d io l  
( T r i s ) ,  N -A c e ty lc y s te in e  and m a lic  a c id  w ere o b ta in e d  from  Sigma L td - ,
P o o le , D o rs e t .
S y n to c in o n , an o x y to c in  p r e p a r a t io n  was o b ta in e d  from  Sandoz;
P ro d u c ts  L t d . ,  F e lth a m , A liddleaex,
NaH^^COg (50pC i/m l ) , D -[6 -^H ]g lue  ose ( im C i/m l) , and  th e  
a d e n o s in e -3 ’ :5 ’-m onophosphate (cyclicAI.IP) a s sa y  k i t  w ere o b ta in e d  from  
The R ad iochem ica l C e n tre ,  Amer sham, B u ck s .
A ll  o th e r  enzym es, coenzymes and s u b s t r a t e s  w ere o b ta in e d  from  
The B o e h rin g e r C o rp o ra tio n  (London) L td , Lewes, E a s t  S u s se x . U n its  
o f a c t i v i t y  a re  e x p re s se d  in  I n te r n a t io n a l  U n its  d e f in e d  as. t h a t  amount
o f enzyme w hich  c a t a ly s e s  th e  c o n v e rs io n  o f 1. m icrom ole of s u b s t r a te :
:  o 'i n  1 m inu te  a t  25 C u n d er o p tim a l c o n d i t io n s -
Enzymes u sed  w ere g lu c o se -6 -p h o sp h a te  dehydrogenase  (EC 1 .1 .1 .4 9 )
from  y e a s t  (im g/m l) su sp e n s io n  i n  ammonium s u lp h a te  (350U/mg) ;
l a c t a t e  dehydrogenase  (EC 1 .1 .1 .2 7 )  from  r a b b i t  m uscle (5m g/m l) su sp e n s io n
i n  ammonium s u lp h a te  (550 u /m g ); phosphog lucose  iso m e ra se  (EC 5 .3 .1 - 9 )
from  y e a s t  (2rag/ml) su sp e n s io n  in  ammonium s u lp h a te  (350 U/mg) ;
m a la te  dehydrogenase  (EC 1 .1 ,1 .3 7 )  from  p ig  h e a r t  m ito c h o n d r ia  (5mg/ml)
s o lu t io n  in  50^ g ly c e r o l  ( l2 0 0  u/mg ) .
Coenzymes and s u b s t r a t e s  w e re : red u ce d  n ic o tin a m id e  ad en in e
d in u c le o t id e  (NADH) (d isod ium  s a l t ) ,  a d en o s in e  d ip h o sp h a te  ( d i s odium s a l t ) ,
p h o sp h o en o lp y ru v a te  (m onopotassium  s a l t )  , f r u c to s e  d ip h o s p h a te
( tr is o d iu m  s a l t ) ,  coenzyme A ( f r e e  a c i d ) .
F o r i n s e c t i c i d e  r e s id u e  a n a l y s i s ,  th e  fo llo w in g  r e a g e n ts  w ere
u s e d : a c e to n e  and hexane w ere of L a b o ra to ry  g ra d e ,  r e d i s t i l l e d  i n  a
g la s s  s t i l l  ; d i e th y l e t h e r  was of A n a la r  g r a d e , c a lc iu m  c h lo r id e  d r i e d ;
a c e t o n i t r i l e  was of HPLC grade from  R ath b u rn  C hem icals (W alk erb u m ) L t d . ,
'
W alk e rb u rn , P e e b le s h i r e , S c o tla n d .
Sodium s u lp h a t e ,  A n a la r  g ra d e , and A lum ina, 100-200 mesh pH 4 . 5 ,
w ere from  Hopkin and W ill ia m s , Chadwe 11 H e a th , E sse x . S i l i c a  g e l ,
0 . 2 - 0 . 5mm (30-70  m esh, ASTM) , was from  M erck K ie s e lg e l ,  D a rm sta d t,
Germany. E l o r i s i l  (60—100 mesh) was. from  Sigm a L td .
D ie ld r in  and p,p*-DDL ( p a r i t y  > 99^) w ere p ro v id e d  by S h e l l  R esearch
L td - ,  S i t t in g b o u r n e , K en t.
2 .2  T rea tm en t o f A nim als .
R a ts  used  w ere of th e  W is ta r  A lb in o  s t r a i n  from  th e  A nim al U n it
o f th e  U n iv e r s i ty  o f S u rrey  o r from  S h e l l  R esea rc h  L t d . ,  S i t t in g b o u r n e ,  
K e n t, and w ere m a in ta in e d  in  c o n d i t io n s  o f 12 h o u rs  l i g h t ,  12. h o u rs  
d a rk n e s s .  They r e c e iv e d  food and w a te r  aU l ib i tu m  u n le s s  o th e rw ise  s t a t e d .
E x p erim en ta l d i e t s  c o n ta in in g  i n s e c t i c i d e  were made up by  d is s o lv in g  
th e  compound in  a c e to n e ,  m ixing w ith  a  sm a ll amount o f pow dered d i e t  
(L a b o ra to ry  D ie t 2 -  S p r a t t s  P a te n t  L t d . , B a rk in g , L o n d o n .) , and 
th e n  f u r t h e r  m ix ing  w ith  more d i e t  to  th e  re q u ir e d  c o n c e n t r a t io n .
F o r th e  c h ro n ic  fe e d in g  s t u d i e s ,  fem ale: r a t s ,  o f a p p ro x im a te ly  
7 weeks of age w ere d iv id e d  in to  2 g ro u p s . A f te r  1 w eek of a c c l im a t i s a t io n  
to  th e  pow dered c o n t r o l  d i e t ,  one group was g iv e n  a  d i e t  c o n ta in in g  
th e  i n s e c t i c i d e , e i t h e r  2 p a r t s  p e r  m i l l i o n  (ppm) d i e l d r i n ,  o r 
20 ppm p , p ’-DDT, w h ile  th e  rem ain in g  g roup  was g iv e n  p e s t i c i d e - f r e e  
d i e t  to  se rv e  as a  c o n t r o l .  T h is  t r e a tm e n t  was c o n tin u e d  f o r  4  w eeks 
t o  a llo w  th e  b u i ld -u p  of r e s id u e s ,  a f t e r  w h ich , v a g in a l  sm ears were
exam ined to  d e te rm in e  when th e  r a t s  w ere i n  o e s t r u s .  When t h i s  
o c c u r re d , i t  was housed  w ith  a  male w hich had r e c e iv e d  u n t r e a te d  d i e t .  
The f in d in g  of sperm  in  a  v a g in a l  sm ear was ta k e n  t o  i n d i c a t e  s u c c e s s fu l  
m a tin g . F o llo w in g  m a tin g , th e  fem ale r a t s  w ere re c a g e d  s in g ly .
To m inim ise th e  chance of u s in g  bed d in g  p o s s ib ly  c o n ta m in a te d  w ith  
o th e r  e n v iro n m e n ta l ch em ica ls  , thes an im als: w ere p la c e d  i n  cag es  w ith  
m e ta l g r id s  as  a  b a s e .  However, b e fo re  te rm , th e y  had  t o  be t r a n s f e r r e d  
t o  wood sh av in g s  s in c e  p ro p e r  bedd ing  i s  e s s e n t i a l  f o r  good n u r s in g .  
A f te r  b i r t h ,  th e  l i t t e r s  w ere a d ju s te d  t o  e i t h e r  8 pups p e r  m other f o r  
th e  d i e l d r i n  s tu d y ,  o r 10 pups p e r  m other f o r  DDT. The t r e a t e d  an im als  
w ere m ain ta ined , on th e  d i e t  u n t i l  w eaning a t  21 days when a l l  th e  
an im a ls  w ere t r a n s f e r r e d  to  c o n t ro l  d i e t .  T hroughout th e  e x p e r im e n ta l  
p e r io d  an im als  w ere s a c r i f i c e d  and b lo o d  and l i v e r  sam p les  ta k e n  f o r  
i n s e c t i c i d e  r e s id u e  a n a l y s i s .  In  a d d i t io n ,  m ilk  sam ples w ere c o l l e c t e d  
from  th e  n u rs in g  m o ther by th e  fo llo w in g  m ethod. The young  w ere removed 
from  th e  m other f o r  s e v e r a l  h o u r s ,  and a  s e d a t iv e  dose  o f  N em butal 
a n a e s th e t i c  was g iv e n ,  fo llo w ed  by 0 .2  U n its ; o f S y n to c in o n . A f te r  
a  few m in u te s , m i lk  was c o l le c te d  by g e n t ly  sq u eez in g  t h e  mammary g la n d , 
th e n  f o r c in g  th e  m ilk  ou t of th e  n ip p le  and c o l l e c t i n g  i n  a  P a s te u r  
p i p p e t t e .
N eo n a ta l bjLood and  l i v e r s  were ta k e n  a t  v a r io u s  a g e s  f o r  a ^ sa y  of
enzym es, hormones and m e ta b o l i te s ,  and th e s e  a s sa y s  w ere c o n tin u e d  
in  o ld e r  an im a ls  to  see  i f  any e f f e c t s  p e r s i s t e d  i n to  l a t e r  l i f e .  
N eo n a ta l r a t s  w ere k i l l e d  by d e c a p i t a t i o n ,  o ld e r  an im als  w ere f i r s t ,  
s tu n n e d , and th e  b lo o d  c o l le c te d  from  t h e  neck*
F o r h e p a t ic  enzyme a s s a y s ,  th e  l i v e r  was r a p id ly  e x c is e d  from  th e
dead  a n im a l, r in s e d  in  ic e - c o ld  0.-15M KCl -  0.2mM KHCO ( le P a g e , 1 9 4 8 ),
■ . ■ '■ . b l o t t e d  d r y ,  w e ig h ed , and hom ogenised in  2 volum es of thes sames medium,
u s in g  a  P o tte r-E lv .eh jem  hom ogeniser ( l 9 3 6 ) , c o n s is t in g  o f a  T e f lo n
p e s t l e  w ith  a  g la s s  tu b e .  F o r th e  g lu e o se -6 -p h o sp h a ta se : a s s a y  th e . c rude
hom ogenate was u s e d .  A ll  o th e r  enzyme a s s a y s  were c a r r i e d  o u t on the.
s u p e rn a ta n t  o b ta in e d  by c e n t r i f u g in g  a  l i v e r  homogenate f o r  60 m in .
a t  100,000g o r 170 ,000g f o r  35 m in.
2 .3  E quipm ent.
Low speed  s e d im e n ta t io n  of p r e c i p i t a t e s  was c a r r i e d  o u t i n  an
' ' o 'MSE M inor bench c en tr ifu g e .;, e i t h e r  a t  room te m p e ra tu re  o r  a t  4. C .
H igh speed  c e n t r i f u g a t io n  f o r  p re p a r in g  l i v e r  s u p e rn a ta n t  was c a r r i e d  
o u t e i t h e r  in  an MSE Superspeed  50 o r a  Beckman L5-65 U lt r a c e n tr i fu g e - ,  
a t  4°C .
S p ec tro p h o to m etry  was c a r r i e d  ou t in  a  G ilfo rd  250 S p e c tro p h o to m e te r  
(G ilfo rd  In s tru m e n t L a b o ra to r ie s  L a c - , O b e r l in ,  O hio, U .S .A .) ,  f i t t e d  
w ith  a  c h a r t  r e c o r d e r  and a  c o n s ta n t  te m p e ra tu re  c e l l  h o u s in g , m a in ta in e d
O 'a t  30 C. 10mm l i g h t - p a t h  s i l i c a  c u v e t te s  were u s e d , e i t h e r  3ml o r 1ml 
vo lum e.
M easurement of r a d i o a c t i v i t y  was c a r r i e d  ou t in  a P ack ard  T r ic a rb  
3320 L iq u id  S c i n t i l l a t i o n  S p ec tro m e te r o r an LKB-Wallac 1210 (LK B -Produkter AB, 
S-161 25 Bromma 1 , Sw eden). Gamma c o u n tin g  was c a r r ie d  o u t on an 
LKB-Wallac 80000.
S c i n t i l l a t i o n  f l u i d  was made up by d is s o lv in g  4g PPO and O .lg  POPOP 
i n  667ml of to lu e n e  and making up to  11 w ith  M etapol (Durham C hem ical 
D is t r i b u t o r s  L t d . ,  B i r t l e y ,  Tyne and W e a r .) . C ounting  was c a r r i e d  o u t 
i n  ( m d a a r  C M ca,o  B iv i s io n ,  G .B . S ean ie  i t a . , H i.B  ^ c „ o . e ,
B u c k s .) ,  u s in g  0 .5m l aqueous sample w ith  4ml s c i n t i l l a n t .
2 .4 .  PESTICIDE ANALYSIS
I n s e c t i c id e s  w ere d e te rm in ed  in  t i s s u e s  u s in g  gas—l i q u i d  
ch rom atography  —> e l e c t r o n  c a p tu re  d e t e c t o r .
2 .4 .1  B lood
on a lu m in a , and a p p l ic a t io n  to  th e  g a s - l iq u id  chrom atography colum n.
50mm of s i l i c a  g e l was p u t in to  a  g la s s  column w ith  s in te r e d  g la s s  
f i l t e r ,  15mm i n t e r n a l  d ia m e te r  ( i . d . )  x 120mm le n g th ,  and w ashed w ith  
two p o r t io n s  of r e d i s t i l l e d  a c e to n e . 2ml of a c e to n e  was a p p l ie d  to
th e  colum n, fo llo w e d  hy 1ml of w hole b lo o d .  T h is  was s t i r r e d  w e ll  
w ith  th e  to p  20mm of th e  g e l and a llo w ed  to  s e t t l e .  The a c e to n e  
e x t r a c te d  b lo o d  was th e n  a llow ed  to  f i l t e r  th ro u g h  th e  column and 
c o l l e c t e d  in  a  50ml v o lu m e tr ic  f l a s k .  A f u r t h e r  5mls o f a c e to n e
was th e n  a p p l ie d  to  th e  colum n, ru n  th ro u g h , and c o l l e c t e d .  A n o th er
2mls of a c e to n e  was s t i r r e d  w ith  th e  to p  20mm of g e l ,  a llo w e d  t o  s e t t l e : ,  
and ru n  th ro u g h  th e  colum n. A f i n a l  5m ls was th e n  p a s s e d  th ro u g h  and 
c o l l e c t e d .  To th e  f l a s k  c o n ta in in g  th e  a c e to n e  e x t r a c te d  b lo o d  was 
added 2mls of r e d i s t i l l e d  hexane and th e  f l a s k  w e ll  s h a k e n . The 
f l a s k  was th e n  made up to  50mls w ith  2^ sodium s u lp h a te  and shaken  
w e l l .  A f te r  a llo w in g  th e  two p h ases  to  s e p a r a t e ,  th e  h ex an e  la y e r  
was t r a n s f e r r e d ,  to  a  10ml g la s s - s to p p e r e d  tu b e  w ith  a  P a s te u r  p i p p e t t e ,  
and shaken w ith  a  f u r t h e r  5mls 2^ Na^SO^, to  remove any  re m a in in g  acetones. 
T h is  hexane e x t r a c t  was th e n  read y  f o r  " c le a n -u p "  on a n  a lu m in a  column*
A sm all p lu g  of c o t to n  wool was p la c e d  i n  th e  b o tto m  of a  g la s s  
column 7.5mm i . d .  x 300mm le n g th ,  and th e  tu b e  f i l l e d  t o  w i th in  30mm 
of th e  to p  w ith  d i e th y l  e t h e r .  Ig  of a c id ic  a lum ina  (100 -2 0 0  mesh) 
was s lo w ly  added to  th e  column th ro u g h  a  f u n n e l ,  and a llo w e d  t o  form
a com pact bed on to p  of th e  p lu g .  The e t h e r  was ru n  down t o  th e  to p
o f th e  a lu m in a , and th e  column was th e n  washed w fth  4  x  10ml o f e t h e r ,  
and 2 x 10ml of h ex an e . 1ml of th e  hexane e x t r a c t  was a p p l ie d  t o  th e
colum n, and 1ml e lu a te  d isc a rd e d .. F o r d i e l d r i n  e s t im a t io n s ,  th e  column
was e lu te d  w ith  6mls e t h e r ,  and f o r  DDT and r e l a t e d  m e ta b o l i t e s ,  w ith
lOmls d ie th y l  e th e r  in  h ex an e . The e lu a te s  w ere th e n  a p p l ie d  to  th a
68g a s—l i q u i d  ch rom atograph  ( ly e  S e r ie s : 104) f i t t e d  w ith  a  Ni e l e c t r o n
c a p tu re  d e t e c to r  o p e ra t in g  a t  300 C.
F o r d i e l d r i n  e s t im a t io n s ,  th e  column (4mm x 3.5m) was packed i f i th
2^ A piezon L on Gas Chrome Q 80-100 M esh, and m a in ta in e d  a t  a  te m p e ra tu re  
o 'of 225 C. F o r DDT and. m e ta b o l i te s ,  th e  column was packed  w ith
'4 ^  SE 30 on Gas Chrome Q 80-100 Mesh, and m a in ta in e d  a t  195 C.
R esidue  c o n c e n tr a t io n s  w ere c a l c u la te d  by com paring  p eak  h e ig h ts  
w ith  th o s e  o b ta in e d  w ith  s ta n d a rd  i n s e c t i c i d e  s o lu t io n s  o f  known 
c one e n t r â t i  on•
2 .4 .2  L iv e r
A p o r t io n  of l i v e r  was m acerated  u s in g  a  P o ly tro n  u l t r a s o n i c  
hom ogeniser (N o rth e rn  Media Supply L t d . ,  B rough , N o rth  H u m b ers id e ) , and 
Ig  w eighed ou t in t o  a  50ml b e a k e r .  A nhydrous Na^SO^ (a c e to n e  washed 
and d r ie d )  was s lo w ly  added w h ile  s t i r r i n g  w ith  a  g la s s  ro d  u n t i l  th e  
m ix tu re  was d r i e d ,  g iv in g  a lo o se  crum bly a p p e a ra n c e .
25ml of a  2 :1  hexane : ace to n e  m ix tu re  was ad d ed , s t i r r e d ,  and 
th e  b e a k e r  p la c e d  on a  b o i l in g  w a te r  b a th  f o r  a  few m in u te s .  The e x t r a c t
was d e c a n te d  in t o  a  round  bottom ed f l a s k ,  and th e  e x t r a c t i o n  re p e a te d  
3 t im e s .  The b u lk e d  l i q u id s  were b o i l e d  to  d ry n e s s ,  25m ls hexane 
added, and a g a in  b o i l e d  to  n e a r  d ry n e s s .  T h is  hexane e x t r a c t  was th e n  
"c le a n e d  up" on a  F I o r i s i 1 colum n.
oF l o r i s i l ,  w hich  had p re v io u s ly  been  a c t iv a t e d  by  s to r a g e  a t  120 C, 
was d e a c t iv a te d  by sh ak in g  w ith  3^ w/w w a te r  f o r  a t  l e a s t  ^ h r .
5g of t h i s  was poured  in to  a  g la s s  column (7.5mm i . d .  x  300mm), 
and washed w ith  25ml Vfo a ce to n e  in  hexane fo llo w ed  by 25ml h ex an e .
U sing a  P a s te u r  p i p p e t t e ,  th e  sam ple was a p p l ie d  t o  th e  column in  
ab o u t 0.5m l h ex an e , fo llo w ed  by r in s in g  w ith  2-3m ls h e x a n e . DDT was 
e lu te d  w ith  35ml h ex an e , d i e ld r in  w ith  25ml hexane w hich  was d is c a r d e d ,  
fo llo w ed  by 35ml Vfo a c e to n e  in  hex an e . The e lu a te  was th e n  read y  f o r  
a p p l i c a t io n  on to  th e  g . l . c .  column as  f o r  b lo o d .
2 . 4 .3 .  M ilk
To a 10ml s to p p e re d  c e n t r i f u g e  tu b e  was added l.O g  o f m ilk ,
3ml of e th a n o l ,  and 20mg of p o ta ss iu m  o x a la te .  T h is  was shaken  w e ll  
b e fo re  and fo llo w in g  th e  a d d i t io n s  of 1 .5m l of d ie th y l  e t h e r  and 1.5m l 
of h ex an e , and c e n t r i f u g e d  a t  1500 r .p .m .  (M .S.E . M inor c e n t r i f u g e )  f o r  
5 m in u te s . The u p p er la y e r  was t r a n s f e r r e d  to  a  s e p a r a t in g  fu n n e l 
c o n ta in in g  30mls d i s t i l l e d  w a te r ,  th e  tu b e  r in s e d  w ith  two 3ml p o r t io n s
of 1 :1  d ie th y l  e th e r  : h ex an e , and th e s e  added to  th e  s e p a ra t in g  
fu n n e l-  A f te r  sh ak in g  and a llo w in g  to  s e p a r a te ,  th e  low er aqueous 
la y e r  was d is c a rd e d  and th e  u pper o rg a n ic  la y e r  was washed w ith  a  f u r t h e r  
30mls of w a te r .  The o rgan ic ; la y e r  was th e n  run  in to  a t a r e d  100ml 
f la t - b o t to m e d  f l a s k  and th e  s o lv e n t  e v a p o ra te d  over a steam  b a th  to  
c o n s ta n t  w e ig h t ,  g iv in g  th e  l i p i d  c o n te n t  of th e  m ilk .
The l i p i d  was d is s o lv e d  in  10ml hexane and p a r t i t i o n e d  w ith  th r e e  
25ml p o r t io n s  of hexane s a tu r a te d  a c e t o n i t r i l e  in  a  150ml s e p a r a t in g  
f u n n e l .  The a c e t o n i t r i l e  p o r t io n s  w ere b u lk ed  and washed w ith  10ml 
of hexane , and. t h i s  hexane back-washed, w ith  25ml of a c e t o n i t r i l e .
The t o t a l  a c e t o n i t r i l e  was ev ap o ra ted  to  n e a r  d ry n ess  and 30ml of hexane 
was ad d ed , and a g a in  ev a p o ra te d  to  n e a r  d ry n ess  th e re b y  c o - d i s t i l l i n g  
th e  rem a in d er of th e  a c e t o n i t r i l e .
T h is  was th e n  "c lea n ed  up" on F l o r i s i l  and re s id u e s  d e te rm in e d  a s  
f o r  l i v e r .
2 .5  BIOCHEMICAL ASSAYS
2 .5 .1  Enzyme a s s a y s
G lu c o se -6 -p h o sp h a ta se  (EC 3 .1 .3 .9 )  was a ssay ed  a t  37°C i n  th e  whole 
hom ogenate hy th e  m ethod of N o rd lie  and A rio n  ( l9 6 6 ) , e x c e p t t h a t  
T r is -m a le a te  b u f f e r ,  0.05M, pH 6 .7  was u sed  (G om ori, 1 9 4 8 ) . In o rg a n ic  
p h o s p h a te , l i b e r a te d  e n z y m ica liy  from  Glue o se -6 -p h o sp h a te  , - was m easured 
u s in g  th e  a c id  ammonium m o ly b d a te -a m in o n ap th o lsu lp h o n ic  a c id  c o lo u r  
r e a g e n t  of E isk e  and Subbarow ( l9 2 5 ) , s l i g h t l y  m o d ified  by  R ow sell 
( S n e l l ,  1 9 7 l)  to  im prove s t a b i l i t y .  A s ta n d a rd  cu rv e  was c o n s tru c te d
...... ............... ...
ov er th e  ran g e  u s e d .
P h o sp h o en o lp y ru v a te  ca rb o x y k in ase  (EC 4 .1 .1 .3 2 )  was a s sa y e d  a t  
30°C by th e  m ethod of B a l la rd  and Hanson ( l9 6 7 b ) ,  by  d e te rm in in g  th e
amount of H COg in c o rp o ra te d  in to  o x a lo a c e ta te  and i t s  a c i d i c  p r o d u c ts .
■ »  :  ■ ■
A ll  o th e r  enzymes were assayed  a t  30 C , e i t h e r  d i r e c t l y  o r v ia  
c o u p lin g  enzym es, by l in k in g  them to  NAD(P)H p ro d u c tio n  o r  u t i l i s a t i o n ,  
m easured a t  340nm.
ly r u v a te  k in a se  (EC 2 .7 .1 .4 0 )  was a ssay ed  by  th e  m ethod o f B ûcher 
and P f l e i d e r e r  ( l9 5 5 ) .
A T P -c i t ra te  ly a s e  (EC. 4 .1 .3 .6 )  was a ssay ed  by th e  m ethod of Takeda* 
e t  a l .  (1 9 6 9 ).
NADP-sj>ecific m a la te  dehydrogenase ("m a lic  enzyme") (EC was
a ssay ed  by th e  m ethod of Hsu and Lardy ( l9 6 9 ) .
G lucose—G -phospha ta  dehydrogenase (EC 1.1#1»49) was. a s sa y e d  l y  th e  
m ethod of Langdon ( l9 6 6 ) .
H exokinase (EC 2 .7 .1 .1 )  and g lu c o k in a se  (EC 2 .7 .1 ,2 )  w ere assay ed  
a t  th e  same tim e  by  th e  method of D ip ie t r o  and W einhouse ( i9 6 0 ) ,  as 
m o d ifie d  by Sharma e t  a l .  (1 9 6 3 ).
F ru c to s e -1 ,6 -b is p h o s p h a ta s e  (EC 3 .1 .3 * 1 1 )  was a ssay ed  by th e  method 
o f P o n trem o li ( l9 6 6 )  .
2 .5 .2  O ther D e te rm in a tio n s
P r o te in  in  th e  s u p e rn a ta n t  was d e te rm in e d  by th e  B iu r e t  method 
(G o rn a ll e t  a l . ,  1949) i n i t i a l l y ,  l a t e r  by th e  m o d ified  more r a p id  
method of Y a tz id is . ( l9 7 7 ) ,  s ta n d a rd is e d  w ith  d r ie d  b ov ine  serum  album in, 
A s ta n d a rd  cu rve  was c o n s tru c te d  w hich was l i n e a r  over th e  ran g e  u se d .
G lucose was d e te rm in e d  in  b lo o d , d e p ro te in is e d  in  9 volum es of 
0.27M p e r c h lo r ic  a c i d ,  by th e  method o f Schm idt ( l9 6 l )  u s in g  
h e x o k in a s e /g lu c ose—6 -p h o sp h a te  d eh y d ro g en a se .
G lycogen was d e te rm in ed  in  e i t h e r  f r e e z e - c la m p e d . l iv e r , o r l i v e r  
w hole hom ogenate by th e  method of K ep p le r and D ecker (1 9 7 4 ) , in v o lv in g  
h y d ro ly s is  w ith  A gidex and d e te rm in a tio n  of g lu c o se  aS ab o v e .
C y c lic  AMP was determ ined, in  fre e z e -c la m p e d  l i v e r  sam ples u s in g  
an  a s sa y  k i t  o b ta in e d  from  The R ad io ch em ica l C en tre* . F re e z e -c la m p in g  
was accom plished  by  d e c a p i ta t in g  th e  r a t , and r a p id ly  t r a n s e c t i n g  th e  
m id -re g io n  of th e  body and p la c in g  a  p o r t i o n  of th e  l i v e r  be tw een  two 
alum inium  to n g s  co o led  in  l i q u id  n i t r o g e n .  T h is  p ro c e d u re  was acco m p lish ed  
w ith in  6 s e c s . The f ro z e n  sample was w e ig h ed , c ru sh ed  and  hom ogenised 
in  5 volum es of 0.6N p e r c h lo r ic  a c i d ,  s in c e  t r i c h l o r o a c e t i c  a c id  i n t e r f e r e s  
w ith  th e  a s s a y  (W righ t and P r i c e , 1 9 7 5 ). A f te r  c e n t r i f u g a t io n  o f th e  
p r o te i n  p r e c i p i t a t e , th e  sample was n e u t r a l i s e d  w ith  p o ta s s iu m  h y d ro x id e  
and r e c e n t r i f u g e d  (D ick e r and Greenbaum 1 9 7 7 ). The sam ple was th e n  
re a d y  f o r  assay *
The a s s a y  i s  b a se d  on th e  c o m p e tit io n  betw een u n la b e l le d  c y c l i c  AMP 
and a  f ix e d  q u a n t i ty  of th e  t r i t i u m  la b e l l e d  compound f o r  b in d in g  t o  æ 
p r o te i n  w hich h as  a  h ig h  s p e c i f i c i t y  and a f f i n i t y  f o r  c y c l i c  AMP.
The amount of l a b e l l e d  p r o te in - c y c l i c  AMP complex form ed i s  i n v e r s e ly  
r e l a t e d  to  th e  amount of u n la b e lle d  c y c l ic  AMP p r e s e n t  i n  th e  a s s a y  
sam p le# M easurem ent of th e  p r o te in  bound r a d i o a c t i v i t y  e n a b le s  th e  
amount of u n la b e l le d  c y c l ic  AMP in  th e  sam ple to  be  c a l c u l a t e d .
S e p a ra t io n  of th e  p r o te in  bound c y c l ic  AMP from  th e  unbound n u c le o t id e  
i s  a c h ie v e d  by a d s o rp t io n  of th e  f r e e  n u c le o t id e  on to  c o a te d  c h a r c o a l ,  
fo llo w e d  by c e n t r i f u g a t io n .  An a l iq u o t  of th e  s u p e r n a ta n t  i s  th e n  removed
f o r  s c i n t i l l a t i o n  c o u n t in g .  The c o n c e n tr a t io n  of u n la h e l le d  c y c l ic  AMP 
i n  th e  sam ple i s  th e n  c a lc u la te d  f ro n  th e  l i n e a r  s ta n d a rd  c u rv e .
I n s u l in  was m easured  i n  serum  sam ples hy th e  m ethod in  r o u t in e  use 
i n  th e  S u p ra re g io n a l A ssay  S e rv ic e  a t  S t .  L uke’s H o s p i ta l ,  G u ild fo rd , 
b a sed  on th e  second a n tib o d y  method of H a les  and H andle ( l9 6 3 ) .  The 
i n s u l i n  i n  th e  sam ple com petes w ith  added I  io d in a te d  i n s u l i n  f o r  
a n t i - i n s u l i n  serum . A f te r  e q u i l i b r a t i o n ,  th e  second a n t is e ru m  was added 
w hich  b in d s  to  th e  in s u l in - a n t ib o d y  com plex , p r e c i p i t a t i n g  i t .  The 
p r e c i p i t a t e  was th e n  co un ted  in  a gamma c o u n te r .
2.6. PERFUSION
L iv e rs  from  n e o n a ta l  r a t s  w ere p e rfu s e d  in  s i t u  (R o ss , 1972) w ith
a  medium c o n ta in in g  20mls of washed red  b lood  c e l l s ,  42m ls of
h ig h -b ic a rb o n a te  K reb s-R in g er b u f f e r ,  and 19mls of 10^ a lbum in  in
K reb s-R in g er b ic a rb o n a te  b u f f e r  (l{RB).
The red  c e l l s  w ere o b ta in ed  by c e n t r i f u g in g  e x p ire d  human b lo o d
oi n  50ml tu b e s  in  a  bench  c e n t r i f u g e  a t  4 C and rem oving th e  serum  l a y e r .
The c e l l s  w ere th e n  w ashed by r e f i l l i n g  th e  tu b e s  w ith  KRB, m ix in g , 
and r e c e n t r i f u g a t i o n .  T h is  p ro c e s s  was th e n  re p e a te d  3 t im e s .
The album in  used  was d e s ig n a te d  " E s s e n t i a l ly  F a t ty  A c id -F re e "  , and 
was d ia ly s e d  a g a in s t  KRB b e fo re  u se  in  V isk in g  tu b in g  p re v io u s ly
b o i le d  in  Vfo sodium  c a rb o n a te  fo llo w ed  by d i s t i l l e d  w a te r .
The KEIB s o lu t io n  was of th e  fo llo w in g  co m p o sitio n  (K rebs and H e n s e le i t ,  1932) 
4 .5 m ls  18^ NaCl
3 .6m ls 1 .1 5  KCl
0 .7m ls 2 .1^K H -P0^
0 .9m ls 3.82^, MgSO^.IHgO
+ '^O m ls d i s t i l l e d  w a te r  
2 .7 m ls  2 .4 1 ^  CaClg.GH 0
+ ~20mls d i s t i l l e d  w a te r  '
2 .7 m is  1 .3 ^  NaRCOg (Gassed w ith  95^ 0 ^ /  5^ CO  ^ f o r  4  h r )
Made up to  lOOmls w ith  d i s t i l l e d  w a te r .
The h ig h  b ic a rb o n a te  KRB was p re p a re d  by add ing  8mls o f 1 .3 ^  NaHCOg 
to  5Omis of KRB and g a s s in g  f o r  a t  l e a s t  10 m inu tes w ith  Og/cOg (9 5 :5 ) ,
■ O 'P e r fu s io n s  w ere c a r r i e d  o u t in  a  c a b in e t  m a in ta in e d  a t  37 C , w ith
20 -  25 cm s. Sam ples w ere removed from  and s u b s t r a te  added  t o  a  
r e s e v o i r  b e n e a th  th e  r a t .  L a c ta te  and p y ru v a te  w ere u se d  a s  s u b s t r a t e s  
a t  c o n c e n tr a t io n s  o f lOmM and ImM r e s p e c t i v e l y .  P e r fu s io n s  were a llo w ed
i n i t i a t i o n  of sam p lin g . Samples of p e r f u s a te s  w ere removed from  th e  
r e s e v o i r  a t  10 m inu te  i n t e r v a l s  th ro u g h o u t th e  p e r fu s io n  and  d e p ro te in is e d  
w ith  9 volum es of 0.27M HCIO^. G lucose was d e te rm in ed  i n  th e  p e r c h lo r ic :  
a c id  d e p r o te in is e d  sam ples as f o r  b lo o d .
Perfusion Apparatus
F ig .  2 .1  D iagram m atic R e p re s e n ta tio n  of P e r fu s io n  A p p a ra tu s
LUNG
FILTER
RAT LIVER
IN SITU
TAP
PERISTAi.TIC
STIRRER
2 .7 .  GLUCOSE TURNOVER
N eo n a ta l r a t s  w ere g iv e n  i n s e c t i c i d e  o r a l l y  i n  co rn  o i l .  C on tro l
an im a ls  re c e iv e d  c o m  o i l  o n ly . A t th e  end o f th e  d o s in g  s c h e d u le ,
r a t s  were in j e c te d  i n t r a p e r i  to n e  a l l y  w ith  16pG i/l00g  body w t .  of 
3D -[6 -  H]“ g lu c o s e . A t tim e in t e r v a l s  a f t e r  t h i s ,  th e  a n im a ls  were k i l le d .
by d e c a p i ta t io n  and b lood  c o l le c te d  in  h e p a r in  on i c e .  The b lo o d  was
' oc e n t r i f u g e d  im m ed ia te ly  i n  a  bench c e n t r i f u g e  a t  4 C and th e : p lasm a 
rem oved. Sam ples of p lasm a (5 0 p l)  w ere d e p ro te in is e d  w i th  0 .45m ls of 
0.27M p e r c h lo r ic  a c id  f o r  g lu co se  e s t im a t io n  as  f o r  b lo o d .
Plasm a g lu c o se  was s e p a ra te d  from  o th e r  r a d io a c t iv e  com ponents 
by p a p e r chrom citography as  d e s c r ib e d  by Vernon and W alker ( l9 7 2 ) .  7cm 
w ide sam ples of p lasm a (SOpl) were s tr e a k e d  on 11cm w ide s t r i p s  of 
Whatman No. 1 chrom atography  p a p e r ,  and th e  chrom atogram  d ev e lo p ed  by 
d e scen d in g  chrom atography  f o r  16 h o u rs  a t  room te m p e ra tu re  i n  th e  s o lv e n t  
b u t a n - l - o l - g l a c i a l  a c e t i c  a c id - w a te r - n - b u ty la c e ta te  (360 : 72 : 147 : 2 7 , v /v )  
A s t r i p  w ith  u n la b e l le d  g lu co se  was a l s o  ru n  and v i s u a l i s e d  w ith  th e  
d ipheny lam ine  /  a n i l i n e  sp ray  f o r  re d u c in g  su g a rs  (B a ile y  and Bournes:, 1960; 
Schwimmer and R evenue, 1956). The band  c o n ta in in g  g lu c o se  was th e n  
c u t  i n to  2cm wide s t r i p s  from  th e  r a d io a c t iv e  ch rom atogram s, and th e  
g lu c o se  e lu te d  w ith  1ml of w a te r  d i r e c t l y  in t o  s c i n t i l l a t i o n  v i a l s .
The r a d i o a c t i v i t y  of th e  e lu a te s  was d e te rm in ed  a f t e r  th e  a d d i t io n  o f
8mls of s c i n t i l l a t i o n  f lu id *  C ounting  e f f i c i e n c i e s  w ere c a lc u la te d
u s in g  an  i n t e r n a l  s ta n d a rd  and t r i t i a t e d  hexadecane of known s p e c i f i c
'  - 3  ■ ■ ■ :  'a c t i v i t y .  Ah a l i q u o t  of th e  [ 6 -  H] g lu c o se  was a l s o  co u n ted  to  de term ine :
th e  s p e c i f i c  a c t i v i t y .
G lucose tu rn o v e r  was de term ined  from  th e  s p e c if ic s  a c t i v i t y  — tim e
cu rve  by th e  method o f Corney and H eath  ( l9 7 0 )  and H eath  and Cunningham (l9 7 5 )
T his, m ethod a llo w s  th e  c a l c u la t io n  o f tu rn o v e r  from  o n ly  f o u r  b lo o d
sa m p le s , p ro v id e d  th e  sam pling  tim e s  a re  p ro p e r ly  ch o se n .
C H A P T E R  3
ORGATiOCI-îLORD'IE INSECTICIDE RESIDUES
O R G A N O C H L O R I N E  I N S E C T I C I D E  R E S I D U E S
3 .1  INTRODUCTION
3 .1 .1  G en era l
The aim  of th e  c h ro n ic  t o x i c i t y  s tu d ie s  o u t l in e d  i n  th e  M ethods 
s e c t io n  was to  a s s e s s  th e  e f f e c t s  of o rg a n o c h lo r in e  i n s e c t i c i d e s  on 
v a r io u s  a s p e c ts  of in te rm e d ia ry  m etabo lism  in  n e o n a ta l  r a t s  a f t e r  f o e t a l  
and n e o n a ta l  e x p o s u re , t r a n s m i t te d  from  th e  m other th ro u g h  th e  p la c e n ta  
and m ilk  r e s p e c t iv e l y .
In  o rd e r  to  a llo w  a  more m ean in g fu l d is c u s s io n  o f  "these, r e s u l t s . ,  
i t  was c o n s id e re d  im p o rta n t to  d e te rm in e  th e  way i n  w h ich  th e s e  i n s e c t i c i d e s  
w ere accum ula ted  by th e  p e r in a t a l  a n im a l,  th u s  p e r m i t t in g  an  a sse ssm e n t 
of th e  re le v a n c e  of th e  p a r t i c u l a r  d o ses  of i n s e c t i c i d e s  u sed  t o  th o s e  
o c c u rin g  i n  the , e n v iro n m en t. In  a d d i t i o n ,  th e  le v e l s  o f  in s e c t i c i d e s ;  
i n  m a te rn a l b lo o d  and m ilk  were a l s o  d e te rm in e d . In  t h i s  w ay, a  f a i r l y  
com plete  p ic tu r e  c o u ld  be b u i l t  up of th e  k in e t i c s  o f th e s e  compounds 
i n  t h i s  e x p e r im e n ta l sy stem .
3 .1 .2  R a t io n a le  f o r  p r o to c o l .
The e x p e r im e n ta l p ro to c o l  used  h as  a l r e a d y  been  d e s c r ib e d .  In  
b r i e f ,  fem ale  r a t s  w ere fed  d i e t  c o n ta in in g  i n s e c t i c i d e  f o r  f o u r  weeks 
p r i o r  to  m a tin g ,  th e n  co n tin u e d  on th e  d i e t  th ro u g h o u t g e s t a t i o n  and
» . . . . . .  » . . . . .  . . . . . . . . . — • *
s e le c te d  so as. to  g iv e  a  re a s o n a b le  p e r io d  f o r  e q u i l i b r a t i o n  of th e  
i n s e c t i c i d e  in  m a te rn a l tissu es:-, e s p e c i a l l y  plasm a:, w h i l s t  m in im isin g  
th e  experim en ta l, p e r io d  in v o lv e d . In  p a r t i c u l a r ,  s in c e  i t  wa& only  
th e  p lasm a le v e ls  o f in s e c t i c i d e  re a c h in g  the ; young v ia - th e  p la c e n ta  
and m ilk  t h a t  was o f i n t e r e s t ,  i t  was f e l t  t h a t  a l th o u g h  th e  in s e c t i c i d e  
m igh t n o t e q u i l i b r a t e  w ith  body f a t  i n  t h i s  t im e ,  fo u r  w eeks w ould be 
s u f f i c i e n t  f o r  th e  acc u m u la tio n  of r e s id u e s  i n  b lood  to  s t a b i l i s e . -  In  
a d d i t io n ,  th e  m ost s i g n i f i c a n t  exposure  p e r io d  was e x p ec ted  to  be l a t e r ,  
i n  th e  p o s t  n a t a l  p e r io d ,  s in c e  ex posu re  v i a  th e  m ilk  i s  much g r e a te r  
th a n  t r a n s p l a c e n t a l  p assag e  to  th e  f o e t u s ,  a t  l e a s t  f o r  DDT (W oolley and 
T a le n s ,  1 9 7 l) .  In  any case  e x a c t s t e a d y - s t a t e  c o n d i t io n s  w ould  be 
d i f f i c u l t  to  a c h e iy e  in  t h i s  ty p e  of e x p e r im e n t, s in c e  p reg n an cy  
(P o lish u k  e t  a l . ,  1 9 7 0 ) , and more e s p e c i a l l y ,  l a c t a t i o n  w ould p ro fo u n d ly  
in f lu e n c e  th e  a t ta in m e n t  of e q u i l ib r iu m , due to  th e  h ig h  r a t e  of s e c r e t io n  
i n  m ilk  (O tto b o n i and F e rg u so n , 1969; W oolley  and T a le n s ,  1 9 7 l) .
3 .2  RESULTS AND DISCUSSION
3 .2 .1  D ie ld r in  A n aly ses
R e s u l ts  f o r  th e  d i e l d r i n  a n a ly se s  a re  shown in  T ab le 3 .1 .  T h e re  
i s  an  in c re a s e  i n  m a te rn a l b lo o d  d i e l d r i n  le v e l s  up to  th e  tim e  o f m ating  
a f t e r  fo u r  weeks f e e d in g ,  and t h i s  c o n tin u e s  th ro u g h  g e s t a t i o n ,  re a c h in g  
a  p la te a u  by th e  f i f t h  to  s ix th  w eek. T h is  i s  a  c o n s id e ra b iy  lo n g e r  
e q u i l i b r a t i o n  p e r io d  th a n  t h a t  observed  by Deichmann e t  a l .  ( l 9 7 l ) , 
p e rh a p s  b ecau se  of th e  much low er d i e t a r y  l e v e l  of d i e l d r i n  used  i n
week of g e s t a t i o n ,  th e r e  i s  a c o n s id e ra b le  r i s e  in  m a te rn a l b lo o d  d i e l d r i n  
w hich  may, in  p a r t ,  be due to  th e  m o b i l i s a t io n  in to  th e  b lo o d  o f l i p i d  
f o r  m ilk  s y n th e s i s .
D uring  th e  s u c k lin g  p e r io d ,  th e re  i s  i n i t i a l l y  a  sh a rp  f a l l  i n  
m a te rn a l b lo o d  l e v e l s  of d i e l d r i n ,  fo llo w e d  by a: f u r t h e r  s te a d y  d e c l i n e ,. 
r e f l e c t i n g  ra p id  s e c r e t io n  in  th e  l i p i d - r i c h  m ilk . T h is  d e c l in e  i s .  m ir ro re d  
by  an  acc u m u la tio n  of d i e l d r i n  l e v e ls  in  n e o n a ta l  t i s s u e s .  As a n t i c i p a t e d ,  
d i e l d r i n  behaves i n  a  s im i la r  manner to  t h a t  r e p o r te d  f o r  DDT (se e  3 . 2 . 2 ) ,  
i n  t h a t  a l th o u g h  t r a n s p l a c e n ta l  p assag e  does o c c u r , th e r e  i s  on ly  a b o u t a  
q u a r te r  of th e  amount of d i e ld r in  in  newborn b lood as  in  m a te rn a l b lo o d .
The t i s s u e  l e v e ls  of d i e l d r i n  in  im m ed ia te ly  me whom an im als  r e f l e c t  
f o e t a l  l e v e l s ,  s in c e  th e  n eo n a te s  were k i l l e d  b e fo re  s u c k lin g  b eg an .
do
•H
U
B d
O d
U •r4
B
m
en 4J
U eu
eu nd
>•H <4-4
1-4 O
J-l 0
O eu
'Bnd B
O d
O dr—1
rO eu
rd
nd 4-1
eu
r-4 rd
o 4-1
o •p4
04 3
eu
rd S4-1
M
uo CO
^4 r-4 -H
eu d
> B d•H •r4 d
r—f d eud e
'Ti
C eu
ceî d
d 4J
TU u
O eu en
O 4J d
rS d
rn S g
ï—j eu o
CtJ 1—4 rd
4-J oo en
CtJ d
C •r4 eu
O en 5-1
(U d
d d en
'Ti B eu
d o d
d u 1—4
ew d
Td >
o nd
o o
r—4 o
rO r-4 5-1
rQ eu
rH 4-1
d eu 4J
d •r4
5-J +j I—t
Q)
4-1 d eu
d *r4 r-4
B 00
"Td d
d eu •p4
•H u
d
en
en en d
1—4 d
eu eu B
> 6 O
eu 54
1—1 eu
5-t
U4
d eu en
•H 3  r-4
d
'Xi en B
1-4 r-4 •H
eu eu d
•H > d
Q eur-t t—4cti m jU +J OJ 
•H  cd w
d •?4
o
eu hJ
iz;
1-4
d TJ
4J o
d o
en d r-4
O o PQ
• H eu
4-1 îz;
d
peî
d
•p4
54
nd i—1
r—4 d ndeu 4-1 O
•r4 d o
O d r—1.o
eu
PO
••
1—1
d T d
d o
54 o
eu r—1
4-1
d
p q
S
54
eu
>
•H
1—1 00
d
4-1 00
d d -
g
eu
S
d
o
•r4
4-1 nd
d O
54 o
4-1 T—4
d t t r-4eu
Ü 1—1
d d 00
o 4J . d -a d
d
d o
•H eu
54
nd
r-4
d)
%
•H
o
54 d eu <44 00 'A'nd o rd O d eAr-4 r-4 eu 4-1 •r4 U-’
eu d d eu nd <Ue-n •r4 eu , B eu dQ O 54 •H eu. 3eu 1-4 d H P4 s_^r-4 d.rO 1d dH VO •H
nd
o
o
T—1 r-4
pq
r-4 00
d dLd
54
eu
4-1
d
S
en -sj" en r-.
O o O r^en <r (S es
••
1—1 r-4 r-4 f—4
<3"(N
\ovo
iO
lo un in ir> ir> in in
oo
o
V
ooo
d
+1
00enO
esOo
d
+ 1
CMOO
d
+i
esl vO  vO voO
d
O
d
8
d
+1
v D00O
esoo
d
+1
O
do
d
+1
00o
es en
00
C
•H4J
I
u
P h
00c
•Hucd
s
lA \D
o
•H+J
ctf4Jwa
Ü
co cr»
4-»
M•r4«
es
iT) LO un
CO o es es
<0 r-4 esO o o O
-H -fi -flunes r-f en un
vo oo un es es
r~- ui
LO O un unm r-4 o Oo O o O
o O o o
»•* ' + I -H -fl
1—4 en vOm en r-4 r~-O r-4 r-4 O
O O o O
u in un un
un -d- un eses O o Oo O o O
o O o . O
+1 •fi •ff -fl
00 O o r-4en 00 Vû
r-4 o O O
o o O o
OrW
tü
•S
a3co
T here i s  an ap p ro x im ate  t e n - f o l d  h ig h e r  c o n c e n tr a t io n  o f d i e l d r i n  in  
h e p a t ic  t i s s u e  o v e r h lo o d  le v e l s  a t  t h i s  tim e#  A f te r  one week of s u c k l in g ,  
d i e l d r i n  in  b o th  n e o n a ta l  b lo o d  and l i v e r  re a c h  a  p e a k , w ith  n e o n a ta l  
b lood  l e v e l s  of d i e l d r i n  b e in g  n e a r ly  tw ic e  th e  m a te rn a l le v e l#  The 
f a l l  in  n e o n a ta l  b lo o d  l e v e l s  in  th e  fo llo w in g  two w eeks i s  d u e , in  p a r t , 
t o  th e  d e c l in e  i n  c o n c e n tr a t io n s  of d i e l d r i n  i n  m a te rn a l b lo o d .  In  
a d d i t io n ,  m ilk  in ta k e  f a l l s  r e l a t i v e  to  body w e ig h t d u r in g  p o s tn a ta l ,  
g ro w th , so t h a t  i n s e c t i c i d e  in ta k e  w ould a l s o  d e c l in e  f o r  t h i s  r e a s o n .
The l i v e r  : b lo o d  r a t i o  of d i e l d r i n  re a c h e s  a  maximum v a lu e  a f t e r  th e  
f i r s t  p o s tn a t a l  w eek . By th e  t h i r d  w eek , th e  l i v e r  : b lo o d  r a t i o  h as  
f a l l e n  to  v a lu e s  s im i la r  to  th o se  o b serv ed  by Deichmann e t  a l .  ( l9 7 l )  
in  a d u l t  fem ale r a t s ,  a t  around 28 : 1 . These v a r i a t i o n s  i n  l i v e r  : b lo o d  
r a t i o s  may be r e l a t e d  to  th e  changes w hich  occur i n  th e  am ounts of 
l i p i d  in  th e s e  t i s s u e s  over t h i s  p e r io d ,  i n  v iew  of th e  h ig h  l i p o p h i l i c i t y  
of th e s e  com pounds. In  a d d i t io n ,  th e  in c r e a s in g  a b i l i t y  of th e  n e o n a ta l 
l i v e r  to  m e ta b o lis e  and e x c re te  f o r e ig n  compounds ov er th e  su c k lin g  
p e r io d  (Gram e t  a l . ,  1969; Basu e t  a l . ,  1971; D a lln e r  e t  a l . , 196o) 
may c o n t r ib u te  t a  t h i s  d e c l in e .
3 .2 .2  DDT A n a ly ses  '
The r e s u l t s  of DDT a n a ly se s  in  m a te rn a l and n e o n a ta l  t i s s u e s  a re
shown in  T a b le s  3 .2  -  3 .4 .  The p a t t e r n  of DDT ac c u m u la tio n s  i s  c o m p lic a te d  
by th e  o ccu rren c e  of m e tabo lism  ( c f .  d i e l d r i n ) .  The m ajo r m e ta b o li te s  
of DDT, DDD and DDE (se e  1 . 3 . l )  were m easured in  a d d i t io n  t o  th e  p a r e n t  
compound i n  t h i s  s tu d y .  In  th e  t e x t ,  " t o t a l  DDT" r e f e r s  t o  th e  sum 
of a l l  th e  r e s id u e s ,  and th e  p r e f ix  p , p ’-  i s  o m itte d  f o r  s i m p l i c i t y .
In  th e  m a te rn a l b lo o d , th e  p a t t e r n  i s  v e ry  s im i la r  to  t h a t  o b served  
f o r  d i e l d r i n ,  w ith  a  r i s e  in  t o t a l  DDT th ro u g h  m a tin g , and a  p la te a u  
a f t e r  6 -7  w eeks- A f te r  b i r t h ,  th e r e  i s  a  r a p id  f a l l  i n  th e  f i r s t  
w eek, fo llow ed, by a f u r t h e r  g ra d u a l d e c l in e .  Throughout th e  p re m a tin g  
and g e s ta t io n  p e r io d s ,  th e  f r a c t i o n  of th e  t o t a l  DDT p r e s e n t  a s  m e ta b o l i te s  
i n c r e a s e s , p a r t i c u l a r l y  DDE. Any DDD formed i s  p resum ably  f u r t h e r  
m e ta b o lise d  (see  1 .3 .1 )  and e x c re te d .
In  th e  im m ed ia te ly  newborn r a t  p r i o r  to  s u c k l in g ,  th e  r e s id u e s  r e f l e c t  
t r a n s m is s io n  th ro u g h  th e  p la c e n ta  from  th e  m others b lo o d . T here  i s  
some ev id en ce  f o r  p la c e n ta l  o r u te r in e  m e tab o lism , s in c e  DDT a s  a  f r a c t i o n  
of m e ta b o l i te s  i s  h ig h e r  i n  m a te rn a l b lo o d ,  w here ab o u t 80^ rem a in s  
u n m e ta b o lis e d , com pared to  l e s s  th a n  60^ i n  th e  n eo n a te  (P ig  3 . 1 ) .  The 
d i f f e r e n c e  of 20^ i s  made up by DDD, w hich  i s  on th e  m e ta b o lic  pathw ay 
le a d in g  to  e x c r e t io n .  Thus th e  u te ru s  o r p la c e n ta  would a p p e a r  to  be  
a c t in g  to  p r o te c t  th e  fo e tu s  by m e ta b o lis in g  DDT. E vidence i n  humans ' 
on th e  r e l a t i v e  am ounts of DDT and DDE in  th e  u te ru s  and p la c e n ta  s u g g e s ts
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t h a t  i t  i s  th e  u te ru s  w hich has t h i s  p r o te c t iv e  a c t io n  (P o lish u k  e t  a l . ,  1977) 
In  a d d i t i o n ,  th e  p la c e n ta  w i l l  a c t  a s  a  p h y s ic a l  h a r r i e r , i n h i b i t i n g  
th e  p assag e  of DDT in to  th e  f o e t a l  c i r c u l a t i o n .  O ther f a c t o r s  w hich  
co u ld  c o n t r ib u te  t o  th e  d i f f e r e n t  p a t t e r n s  of m e ta b o l i te s  i n  f o e t a l  
and m a te rn a l b lood  in c lu d e ;  th e  t i g h t  b in d in g  of c h lo r in a te d  I^ d ro c a rb o n  
in s e c t i c i d e s  to  m a te rn a l b lo o d  p r o te in s  ; th e  h ig h e r  l i p i d  c o n te n t of. 
a d u l t  r a t s  a s  com pared w ith  f o e t a l  r a t s ,  i n  view  of th e  h ig h  l i p i d  : w a te r  
p a r t i t i o n  c o e f f i c i e n t  of DDT (H enderson and W oo lley , 1 9 6 9 ); two way 
p la c e n ta l  t r a n s p o r t ,  a s  shown f o r  d i e l d r i n  in  th e  r a b b i t  (Hathsray efc a l . ,
1 9 6 7 ).
In  a d d i t i o n ,  b ecau se  of th e  arran g em en t of th e  f o e t a l  c i r c u l a t i o n
whereby b lo o d  from  th e  p la c e n ta  f i r s t  p e r fu s e s  th e  f o e t a l  l i v e r  b e fo r e
e n te r in g  th e  g e n e ra l  c i r c u l a t i o n ,  m e tab o lism  co u ld  o ccu r in  th e  f o e t a l
l i v e r ,  g iv in g  r i s e  to  th e  h ig h  p ro p o r t io n  of DDT m e ta b o l i te s  o b se rv ed
in  t h i s  t i s s u e  (T ab le  3 .4 ) .  However, s i g n i f i c a n t  h e p a t ic  m e tab o lism
i s  n o t  v e ry  l i k e l y ,  s in c e  many of th e  d ru g  m e ta b o lis in g  enzymes a r e
n o t  p r e s e n t  in  f o e t a l  l i v e r  (D ickerson  and B asu , 1 9 7 4 ). A l t e r n a t i v e l y ,
i n  v iew  of th e  h ig h e r  p ro p o r t io n  of DDD in  f o e t a l  l i v e r  compared t o
b lo o d , th e  l i v e r  c o u ld  ta k e  up DDD p r e f e r e n t i a l l y ,  p e rh a p s  by  i t s  b in d in g
.  -
t o  p r o te in  o r  endoplasm ic  r e t i c u l a r  m em branes.
The mammary g land  does n o t ap p ea r to  se rv e  any p r o t e c t iv e  f u n c t i o n .
e i t h e r  by m e ta b o lis in g  DDT o r by a c t in g  as  a p e rm e a b il i ty  b a r r i e r ,  
s in c e  th e  r e l a t i v e  c o n c e n tra t io n s  of r e s id u e s  in  m ilk  c o r r e l a t e  w e ll  
w ith  b o th  m a te rn a l and n e o n a ta l  b lo o d  le v e l s  (F ig .  3 . l ) .  The a b s o lu te  
c o n c e n tr a t io n s  o f r e s id u e s  in  m ilk  a re  much h ig h e r  th a n  i n  m a te rn a l 
b lood  when e x p re s se d  e i t h e r  p e r  g m ilk  o r  p e r  g l i p i d  (T ab le  3 . 2 ) .
v a r i a t i o n s  in  th e  l i p i d  c o n te n t of m ilk ,  as  shown by th e  s m a l le r  e r r o r s
The r e s u l t s  f o r  DDT a n a ly se s  of n e o n a ta l  b lo o d  fo llo w  a  s im i la r  
p a t t e r n  to  th o se  f o r  d i e l d r i n ,  in  t h a t  th e r e  i s  a  r a p id  in c r e a s e  in  th e  
f i r s t  w eek, fo llo w e d  by a g ra d u a l d e c l in e  d u rin g  th e  re m a in d e r of s u c k l in g .  
The p a t t e r n  of DDT m e ta b o li te s  in  n e o n a ta l  b lo o d  m ir ro rs  f a i r l y  c lo s e ly  
t h a t  i n  m a te rn a l b lo o d ,  ex ce p t f o r  a somewhat h ig h e r  f r a c t i o n a l  l e v e l  
of DDE (F ig .  3 . 1 ) .  A b so lu te  c o n c e n tr a t io n s  of r e s id u e s  in  n e o n a ta l  
b lo o d  a re  h ig h e r  th a n  th o se  in  th e  m a te rn a l c i r c u l a t i o n s ,  due t o  th e  
h ig h  r a t e  of s e c r e t io n  v ia  th e  m ilk .
F o llo w in g  th e  t r a n s i t i o n  from  f o e t a l  to  n e o n a ta l  l i f e ,  th e  f r a c t i o n  
of t o t a l  DDT in  th e  l i v e r  as  DDT in c re a s e s  s l i g h t l y ,  w h ile  in  th e  b lo o d  
th e  f r a c t i o n  a s  DDD f a l l s  d r a m a t ic a l ly .  T h is  i s  f u r t h e r  e v id en ce  t h a t  
a c t iv e  p la c e n ta l  m etabo lism  a cc o u n ts  f o r  th e  p a t t e r n  in  f o e t a l  b lo o d .  '
In  th e  s u c k lin g  an im al th e  e x a c t p a t t e r n  of r e s id u e s  in  th e  b lo o d  may
n o t be a  s im p le  r e f l e c t i o n ,  of t h a t  i n  m i lk ,  s in c e  DDT in g e s te d  in  
th e  m ilk  f i r s t  p a s s e s  fro m -th e  g a s t r o i n t e s t i n a l  t r a c t  i n t o  th e  p o r t a l
—  —
r e s u l t  of m e ta b o lic  m o d if ic a t io n  by th e  l i v e r .  The m easurem ents of 
l i v e r  r e s id u e s  (T ab le  3 ,4 )  in d ic a te  th e  m e tabo lism  w h ich  o ccu rs  in  
th e  f i n a l  week o f s u c k lin g  as shown by th e  f a r  more r a p i d  d e c l in e  in  
l i v e r  r e s id u e s  th a n  b lo o d  r e s id u e s ,  and th e  r e l a t i v e  i n c r e a s e . i n  th e  
l i v e r  in  th e  f r a c t i o n  of th e  t o t a l  a s  DDD. However, su c h  h e p a t ic  
m etabo lism  does n o t  ap p ea r to  g r e a t ly  in f lu e n c e  th e  p a t t e r n  of b lood 
m e ta b o l i te s  in  th e  th r e e  week old  n e o n a te ,  where th e  p a t t e r n  of 
r e s id u e s  in d i c a te s  on ly  l im i te d  m e ta b o lic  co n v ers io n #
3.3 CONCLUSIONS.
The r e s u l t s  from  th e s e  s tu d ie s  p ro v id e  good e v id e n c e  f o r  th e  
s u p p o s i t io n  t h a t  th e  p o s tn a ta l  p e r io d  i s  th e  m ost im p o r ta n t  ex p o su re  tim e 
f o r  th e  y o u n g , and f o r  t h i s  re a s o n ,  th e  h e p a t ic  enzyme s tu d ie s  w ere 
c o n c e n tra te d  i n  th e  p o s tn a ta l  p e r io d  , w hen, i n  any c a s e , th e r e  a re  more 
r a p id  and l a r g e r  changes o c c u rr in g  i n  many enzymes o f  c a rb o h y d ra te  and 
l i p i d  m e tab o lism  (se e  1 .8 ) .
Com parison o f a c tu a l  r e s id u e  l e v e l s  o b ta in e d  i n  th e s e  fe e d in g  s tu d ie s  
w ith  th o s e  o c c u r r in g  d u rin g  norm al en v iro n m en ta l e x p o su re  i n d i c a t e  t h a t  
th e  d i e t a r y  le v e l s  chosen  were n o t much g r e a t e r  th a n  th o s e  to  w h ich  
m o thers  in  u n d erd ev e lo p ed  c o u n tr ie s  may be ex p o sed , an d  th u s  human 
b a b ie s  in  th e s e  c o u n t r ie s  re c e iv e  am ounts of o rg a n o c h lo r in e  i n s e c t i c i d e s  
com parable to  ex p o su re  of th e  n e o n a ta l  r a t s  in  t h i s  s tu d y .
C H  A F T E R  4
GROWTH CîANGES DURING FEEDING STUDIES
G R O W T H  C H A N G E S  D U R I N G  F E E D I N G  S T U D I E S
4 .1  INTRODUCTION
T h is  c h a p te r  w i l l  b r i e f l y  d is c u s s  th e  e f f e c t  of c h ro n ic  fe e d in g  
of 2 ppm d i e l d r i n  o r  20 ppm p , p ’~DDT on v a r io u s  p h y s io lo g ic a l  p a ra m e te r s ,  
i n  a d d i t io n  to  any obvious p h y s ic a l  changes o r b e h a v io u ra l  a b n o rm a li t ie s
—  ■
S in ce  th e  o b je c t  of th e  s tu d ie s  was t o  d e te c t  th e  e f f e c t  of th e s e  
compounds on norm al h e p a t ic  enzyme d ev e lo p m en t, e i t h e r  th ro u g h  a  d i r e c t  
in f lu e n c e  on e x p re s s io n  of th e  enzymes w i th in  th e  l i v e r ,  o r  v i a  some 
horm onal c h a n g e s , th e  d ie ta r y  l e v e ls  cho sen  w ere such  a s  t o  m in im ise  any 
e x tra n e o u s  e f f e c t s  w hich  m ight o c c u r , th ro u g h , f o r  i n s t a n c e ,  p o o r m a te rn a l 
f e e d in g  r e s u l t i n g  in  re ta rd e d  d ev e lo p m en t. T hus, dose  l e v e l s  w ere 
s e le c te d  below  th o s e  known to  im p a ir  m a te rn a l b e h a v io u r  le a d in g  to  low 
progeny  s u r v iv a l  r a t e s ,  such a s  th o se  o b served  by  P a u ls e n  e t  a l .  ( l9 7 5 ) 
f o r  DDT. The m ost s e n s i t i v e  in d i c a to r  of m a te rn a l t o x i c i t y  a p p e a rs  to  
be e f f e c t s  on r e p ro d u c t io n ,  a s  m ight be e x p e c te d , s in c e  s u c c e s s f u l  
m a tin g  and p reg n an cy  r e q u i r e  a complex i n t e r r e l a t i o n s h i p  o f horm onal 
and o th e r  p h y s io lo g ic a l  f a c t o r s .  T h e re fo re ,  p e s t i c id e  dosage le v e l s  
w ere a l s o  s e le c te d  w hich were below  th o s e  r e p o r te d  to  have d e l e te r i o u s  
e f f e c t s  on r e p ro d u c t io n  (Hodge e t  a l . ,  19G 7). In  o rd e r  to  f u r t h e r  e n su re  
t h a t  any changes o b served  in  th e  young w ere n o t  due t o  i n d i r e c t  e f f e c t s
on th e  m o th e r, food in t a k e s ,  m a te rn a l and n e o n a ta l g ro w th  r a t e s ,  and 
v a r io u s  in d ic e s  of r e p ro d u c t iv e  perfo rm ance  w ere r e c o rd e d .
4 .2  RESULTS
4 .2 .1  Food In ta k e
Food consum ption  was m o n ito red  th ro u g h o u t th e  e x p e r im e n ta l p e r io d  
f o r  th e  d i e l d r i n  s tu d y ,  h u t on ly  d u r in g  th e  s u c k lin g  p e r io d  f o r  DDT,
The d a ta  shows ( F ig s .  4 .1  and 4 .2 )  t h a t  food  in ta k e  i s  r e l a t i v e l y  c o n s ta n t  
d u r in g  th e  p re m a tin g  p e r io d ,  and d e s p i te  th e  r i s e  in  body  w eig h t d u rin g  
g e s ta t io n  d is c u s s e d  b e lo w , th e re  i s  l i t t l e  change in  fo o d  in ta k e  in  t h i s  
p e r io d ,  p e rh ap s  r e f l e c t i n g  more e f f i c i e n t  u t i l i s a t i o n  o f  fo o d . Weaning 
r e s u l t s  in  an i n i t i a l  sh a rp  d e c l in e  in  food  i n t a k e ,  due to  th e  rem oval 
of th e  m o th e r , b u t  th e  young q u ic k ly  l e a r n  to  e a t  th e  pow dered d ie t ,  
s in c e  th e  d i f f e r e n c e  betw een th e  p r e -  and im m ed ia te ly  p o s t-w e a n in g  
consum ption  of 25g i s  j u s t  s u f f i c i e n t  f o r  th e  m other a lo n e ,  and i t  th e n  
r i s e s  back  to  p rew ean ing  le v e l s  w i th in  two d a y s . In  t h e  d i e l d r i n  
s tu d y ,  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  betw een th e  fo o d  in ta k e  of 
th e  c o n t ro l  and t r e a t e d  an im als  th ro u g h o u t th e  e x p e r im e n ta l p e r io d  (F ig . 4 * l )  
F o r th e  DDT s tu d y  (F ig .  4 . 2 ) ,  th e  t r e a t e d  an im als  consumed s l i g h t l y  
more d i e t  d u r in g  th e  s u c k lin g  p e r io d ,  b u t t h i s  was n o t  s t a t i s t i c a l l y  
s i ^ n i f i c a n t ,
o•H
gu
CO
CM
lOO
o
m
I cotH -P
O
rH
•H
as
A
•H
H3
r—I
00
CO
CD
•H01 CO
CM
colO
os
p
CD
•H
A
5-1O
CM
-PP  
 ^ CD 
•H
A
l O
f—I
1-4
r —I O
1O
P
CM
to  co
CM
0 
•H
P1CTi
gO
p
p
cop
o. o
CM
O
xo
oo
co
(S) notq.dnmSiio3 ^axcT
CO
A
- P
rH
O
CM
CO
■H-P
•H O
A lO
rH
CO
- P
o o
-p
CD
- P
•H CO
tc■u
- P
- P
•H
rH
I—I
oo
COT-)
Io
■H
CO- p
o  o
O CM
•H
•Ho +
CQ
IOo
o
CM
PO
CO
co
GO O lO
(3) uOTc^diimstioo q^ STCr- p
4.2.2 Maternal Growth.
The hody w e ig h ts  of th e  fem ale r a t s  show a g ra d u a l in c re a s e  
d u r in g  th e  p re m a tin g  p e r io d  (F ig s .  4 .3  and 4 . 4 ) .  P o s tm a tin g , th e  hody 
w e ig h ts  r i s e  more r a p i d l y ,  p a r t i c u l a r l y  in  th e  l a t t e r  two weeks of 
g e s t a t i o n .  A f te r  b i r t h ,  th e re  i s  a  d ra m a tic  d e c l in e  in  body w e ig h t .
In  th e  d i e l d r i n  s tu d y  t h i s  was p a r t l y  re g a in e d  d u r in g  l a c t a t i o n ,  b u t  
n o t  in  th e  DDT s tu d y .
S im ila r  p a t t e r n s  of body w eig h t changes were shown f o r  b o th  th e  
c o n t ro l  and t r e a t e d  g roups d u rin g  th e  p rem a tin g  and g e s t a t i o n  p e r io d s ,  
and f o r  th e  d i e l d r i n  t r e a te d , a n im a ls , t h i s  co n tin u ed  th ro u g h o u t 
l a c t a t i o n  (F ig .  4 . 3 ) .  However, th e  DDT t r e a t e d  a n im a ls ,  d e s p i te  b e in g  
s l i g h t l y  h e a v ie r  i n i t i a l l y  (F ig . 4 . 4 ) ,  rem ained c o n s i s t e n t ly  l i g h t e r  
d u r in g  l a c t a t i o n .  T h is  i s  d e s p i te  th e  h ig h e r  food  in ta k e  observed  
in  th e s e  an im a ls  n o te d  above- T his may r e f l e c t  s l i g h t  i n s e c t i c i d e  —- 
induced  h y p e r a c t i v i t y , le a d in g  to  a  h ig h e r  u t i l i s a t i o n  o f en erg y  i n  
th e s e  a n im a ls ,  a l th o u g h  t h i s  was n o t  a p p a re n t from  d i r e c t  o b s e rv a t io n .
4 .2 .3  N eo n a ta l G row th.
N eo n a ta l g row th  in  th e  r a t  i s  v e ry  r a p id ,  d o u b lin g  in  w e ig h t d u r in g  
th e  f i r s t  5 d a y s , a f t e r  w hich tim e grow th  i s  e s s e n t i a l l y  l i n e a r ,  
grow ing a t  betw een  1 .5  to  2g p e r  day t i l l  w eaning ( F ig s .  4 .5  and 4 . 6 ) .
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F i g .  4 .5  Growth of N eo n a ta l R a ts  S u c k lin g  From R a ts  Fed C o n tro l D ie t o r D ie t 
C o n ta in in g  2 ppm D ie ld r in  D uring  C hronic F eed in g  S tu d ie s .  Body w e ig h ts  a re  
th e  means + SEM. f o r  6 to  12 l i t t e r s  each  c o n ta in in g  8 a n im a ls .
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Means + SEM f o r  7 to  11 l i t t e r s  each  c o n ta in in g  10 an im als
V alues a re
42
40
38 O  CONTROL
2 0 ppm p , p ’-DDT
36
34
32-p
28
26
24
22
20
18
20181610
Age P o s t Partum  (d a y s )
N eo n a ta l g row th  was unchanged in  th e  young of th e  d i e l d r i n  t r e a t e d  
r a t  a s  com pared to  th e  c o n t ro l s  ( F ig .4 . 5 ) .  However, t h e  DDT t r e a t e d  
r a t s  grew s i g n i f i c a n t l y  s lo w er th a n  c o n t r o l s  (p < 0 .0 5 )  d u r in g  th e  
f i r s t  t e n  days of s u c k l in g  (P ig , 4 .6 )  , a s  m easured u s in g  th e  grow th 
cu rve  a n a ly s i s  of G r iz z le  and A lle n  ( l9 6 9 ) .  T h is  a n a ly s i s  i d e n t i f i e s  
th e  b e s t  p o ly n o m ia l w hich  a d e q u a te ly  d e s c r ib e s  each  in d iv id u a l  growtih 
cu rve  w hich  in  t h i s  case  was a q u a d r a t i c , and t e s t s  th e  d i f f e r e n c e s  
betw een  th e  means o f th e  two groups f o r  s ig n i f i c a n c e .
F our in d ic e s  of th e  r e p ro d u c t iv e  perfo rm ance of th e  m a te rn a l 
a n im a ls  a re  p r e s e n te d  in  T ab le 4 .1 .  T here was no s t a t i s t i c a l
d i f f e r e n c e  in  any o f th e s e  p a ram e te rs  betw een  c o n t ro l  and  t r e a t e d  
a n im a ls ,  u s in g  F i s h e r ’s e x a c t t e s t  ( F i s h e r ,  1 9 34 ), a l th o u g h  i n  th e  
DDT s tu d y  a l l  th e  in d ic e s  were s l i g h t l y  lo w e r.
4 .3  C o n c lu s io n s .
The r e s u l t s  show t h a t  f o r  th e  d i e l d r i n  s tu d y ,  th e r e  was no 
pronounced e f f e c t  on any of th e  p a ra m e te rs  m easu red , c o n t r a r y  to  th e  
f in d in g s  of H arr e t  a l .  ( l9 7 0 ) ,  who showed reduced  d i e t  consum ption  
a t  1 .2 5  ppm d i e l d r i n ,  and abnorm al r e p ro d u c t iv e  su c c e s s  above 0 .2 4  ppm
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d i e l d r i n .  H owever, in  t h e i r  w ork , th e  an im a ls  w ere m a in ta in e d  on th e  
e x p e r im e n ta l d i e t  from  w eaning a t  28 days th ro u g h o u t th e  p e r io d  of 
th e  e x p e r im e n t. In  a d d i t io n ,  b o th  m ale and fem ale r a t s  r e c e iv e d  th e  
t r e a t e d  d i e t .
In  th e  DDT s tu d y ,  e a r ly  p o s tn a t a l  grow th  was r e t a r d e d ,  and th e  
young , p a r t i c u l a r l y  th e  m a le s , rem ained  l i g h t e r  i n  l a t e r  l i f e  (F ig . 4 .7 )  
In  a d d i t i o n ,  th e r e  w ere s l i g h t  m a n if e s ta t io n s  o f t o x i c i t y  i n  th e  
m o th e rs , a s  shoivn by th e  e lev a ted , d i e t  consum ption  and  lo w er body 
w e ig h t .  The la c k  of e f f e c t  of DDT on th e  re p ro d u c t iv e  p a ra m e te rs  
m easured i s  in  ag reem en t w ith  th e  d a ta  of O tto b o n i and  F e rg u s  on ( l9 6 9 ) , 
who showed no e f f e c t  of 20 ppm te c h n ic a l  DDT on r e p ro d u c t io n  in  th e  r a t .
In  th e  l im i te d  amount of tim e a v a i l a b l e  f o r  t h i s  ty p e  of 
o b s e rv a t io n ,  no obv ious p h y s ic a l  o r b e h a v io u ra l  d i f f e r e n c e s  w ere 
n o te d  in  e i t h e r  o f th e  t r e a te d  g roups o f a n im a ls .
O v e ra ll th e  d i r e c t  e f f e c t s  of c h ro n ic  f e e d in g  a t  t h e  d o ses  
s e le c te d  w ere n o t  l a r g e ,  and i t  was c o n s id e re d  w ould n o t  s i g n i f i c a n t l y  
a f f e c t  th e  norm al developm ent of th e  n e o n a ta l  r a t s .
F ig .  4 .7  Growth of N eo n a ta l R ats  a f t e r  S u c k lin g  From R a ts  Fed C o n tro l D ie t 
o r D ie t C o n ta in in g  20 ppm p,p*~DDT D uring  C hronic F e e d in g  S tu d ie s .
Body w e ig h ts  a re  Means + SEM f o r  3 to  G L i t t e r s  (3 -  6 AVeeks),
9 to  11 A nim als (7 -  10 W eeks).
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C H A P T E R  5
HEPATIC ENZYÎÆ DEVELOPMENT AND CHRONIC INSECTICIDE FEEDING
H E P A T I C  E N  Z Y M E D E V E L 0 P M E N T A N  D C H R O N I C
I  N S E C T I  C I  D E F E E  P I  N G
5 .1  INTRODUCTION
The aim  of th e  c h ro n ic  i n s e c t i c i d e  fe e d in g  s tu d ie s  p r e v io u s ly  
d e s c r ib e d  (2#2) was, to  d e te rm in e  i f  th e r e  w ere any a d v e rs e  e f f e c t s  of 
low l e v e l ,  e n v iro n m e n ta lly  s i g n i f i c a n t  am ounts o f o rg a n o c h lo r in e  
i n s e c t i c i d e s  on th e  norm al p a t t e r n  of h e p a t ic  enzyme d evelopm en t in  th e  
n e o n a ta l  r a t .  To t h i s  en d , a  v a r i e ty  of enzymes o f c a rh o h y d ra te  and  
l i p i d  m e tab o lism  were: a ssay ed  d u r in g  th e  n e o n a ta l  p e r io d ,  and a l s o  i n  
th e  su b se q u en t m o n th s , in  o rd e r  to  d e t e c t  any changes w h ic h  m igh t have 
o c c u rre d  d u r in g  th e  c r i t i c a l  d ev e lo p m en ta l p e r io d ,  and w h ich  m ig h t have 
le d  t o  p a th o lo g ic a l  d is tu rb a n c e s  in  l a t e r  l i f e .  S e v e ra l  o th e r  m e ta b o lic  
c h a r a c t e r i s t i c s ,  su ch  a s  b lood g lu c o se  and i n s u l i n  l e v e l s ,  and g lyco g en  
and c y c l ic  AAÎP l e v e l s  w ere a l s o  m easu red .
5 .2  RESULTS
5 .2 .1  P re lim in a ry  s tu d ie s  on th e  e f f e c t s  o f d i e l d r i n .
I n i t i a l  e x p e rim e n ts  were c a r r i e d  o u t i n  a d u l t  a n im a ls  in  o rd e r  
t o  co n firm  t h a t  d is tu rb a n c e s  co u ld  be in d u c ed  by d i e l d r i n  in  c a rb o h y d ra te  
and l i p i d  m e ta b o lism , a s  rep o rted , by B h a tia . and cow orkers (B h a t ia  e t  a l . ,  
1971 j 1972; 1 9 7 3 ). F o r t h i s  p u rp o se , d i e l d r i n  was g iv e n  in  a  s in g le  
o r a l  a d m in is t r a t io n  in  c o m o i l  to  young a d u l t  m ale r a t s  w e ig h in g  betw een
100 and l5 0 g ,  a t  a  dose of 30mg/kg body w e ig h t ,  w hich i s  ap p ro x im a te ly  
h a l f  th e  LDgg. C o n tro l an im als  r e c e iv e d  a  s in g le  o r a l  a d m in is t r a t io n  
of co rn  o i l  a lo n e .  C o n tro l and t r e a t e d  an im a ls  w ere th e n  k e p t w ith o u t 
food  o v e rn ig h t i n  o rd e r  to  p re c lu d e  any i n d i r e c t  e f f e c t s  on enzyme 
l e v e ls  due to  p o s s ib le  lo s s  of a p p e t i t e  in d u ced  by  d i e l d r i n .  The r a t s  
w ere k i l l e d  by d e c a p i t a t i o n ,  b lo o d  c o l l e c t e d ,  and th e  l i v e r  rem oved, 
homogenised, and c e n t r i f u g e d  a s  d e s c r ib e d  in  th e  Methods s e c t io n  ( 2 .2 ) .
The r e s u l t s  a re  p re s e n te d  in  F ig .  5 .1*  C o n tro l a c t i v i t i e s  a re  e x p re sse d  
a s  100^, and t r e a t e d  v a lu e s  a re  a d ju s te d  r e l a t i v e  to  t h i s  v a lu e .
A c t i v i t i e s  w ere c a l c u la te d  on a lOOg body w e ig h t b a s is  b eca u se  of th e  
in c re a s e d  l i v e r  w e ig h t to  body w e ig h t r a t i o  observed  in  th e  t r e a t e d  
a n im a ls .
T here was a  s m a l l ,  b u t s t a t i s t i c a l l y  i n s i g n i f i c a n t  in c r e a s e  in  
g lu c o k in a s e ,  w ith  a  f a l l  i n  h ex o k in ase  a c t i v i t y  (p < .0 0 5 ) in  th e  d i e l d r i n  
t r e a t e d  g ro u p . S in ce  g lu c o k in a s e , th e  f lu x  th ro u g h  w hich  i s  in  p a r t  
r e g u la te d  by th e  g lu c o se  c o n c e n t r a t io n ,  i s  in  e x c e ss  o v e r h ex o k in ase  i n  
th e  l i v e r ,  and b lo o d  g lu co se  was s i g n i f i c a n t l y  e le v a te d  in  th e  t r e a t e d  
a n im a ls ,  o v e r a l l  g lu c o se  p h o s p h o ry la t io n  was p ro b a b ly  in c r e a s e d ,  
p a r t i c u l a r l y  in  v iew  of th e  d e c re a se d  g lu c o se^ O -p h o sp h a ta se  a c t i v i t y .
S in ce  p y ru v a te  k in a s e  was a ls o  e l e v a te d ,  th e  r a t e  of g ly c o ly s i s  would 
a l s o  be in c r e a s e d .
Key to  A b b re v ia t io n s  Used in  F ig  5 ,1 .
GK G lu co k in ase
HK H exokinase
PK p y ru v a te  K inase
G6PDH G lu co se -6 -p lio sp h a te  dehyd rogenase
ME M alic  Enzyme
AT PCI A T P -c i t ra te  ly a se
G6?ase G lu c o se -6 -p h o sp h a ta se
FDPase F ru c to s e -1 ,6 -b is p h o s p h a ta s e
PEPYIK P h o sp h o en o lp y ru v a te  c a rb o x y k in a se
L.Wt « L iv e r  w e ig h t
B ,W t. Body w e ig h t
S ' n a ta n t
p r o t e i n  S u p e rn a ta n t p r o te in
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In c re a s e d  g ly c o ly s i s  may be n e c e s s a ry  t o  p ro v id e  th e  g ly c e ro l  
and p o s s ib ly  f a t t y  a c id  carbon  r e q u ir e d  f o r  th e  in c r e a s e d  t r i g l y c e r i d e  
s y n th e s is  w hich  h as  been  observed  in  d i e I d r i n - t r e a t e d  r a t s  by B h a t ia  e t  a l .  
( l 9 7 2 a ) , a l th o u g h  th e s e  w orkers  s u g g e s t t h a t  g ly c e r o l  c a rb o n  i s  d e r iv e d  
from  g lu c o n e o g e n e s is ,  a  v iew  n o t s u p p o r te d  by th e  d e c re a se d  p h o sp h o en o lp y ru v a te  
ca rb o x y k in a se  a c t i v i t y  observed  in  th e  p r e s e n t  w o rk . An in c re a s e  in  
h e p a t ic  l i p i d  c o n te n t  (B h a tia  and V e n k ita su b ra m a n ia n , 1972) may acc o u n t
    -
v iew  of th e  red u ce d  amount of s u p e rn a ta n t  p r o te in  o b se rv ed  ( F ig .  5 . 1 ) .
A lthough  n e i t h e r  m a lic  enzyme o r A T P -c it ra te  l y a s e , b o th  lip o g e n ic  
enzym es, n o r g lu e o se -6 -p h o sp h a te  d eh y d ro g en a se , w hich p ro v id e s  re d u c in g  
e q u iv a le n ts  r e q u i r e d  f o r  l ip o g e n e s i s ,  a s  w e ll  as  f o r e ig n  compound m e ta b o lism , 
w ere s i g n i f i c a n t l y  in c r e a s e d ,  th e  l a t t e r  two enzymes w ere  b o th  s l i g h t l y  
e l e v a te d .
Of th e  enzymes of g lu c o n eo g en es is  a s say ed  p h o sp h o en o lp y ru v a te  
ca rb o x y k in ase  and g lu c o se -6 -p h o sp h a ta se  w ere b o th  s i g n i f i c a n t l y  re d u c e d , 
w hereas f r u c to s e  1 , 6 -b isp h o sp h a ta se  was in c r e a s e d .
O v e r a l l , th e  r e s u l t s  a re  somewhat d i f f i c u l t  t o  r e c o n c i l e  i n  
m e ta b o lic  te rm s , w h ich  r e f l e c t s  th e  c o n s id e ra b le  d iv e rg e n c e  o f o p in io n  
i n  th e  l i t e r a t u r e  (s e e  B h a tia  e t  a l - ,  1973; Kacew and S in g h a l , 1 9 7 4 ), ' 
w ith  a p p a re n tly  in c re a s e d  g ly c o ly s is  and d ec re ase d  g lu c o n e o g e n e s is  , b u t
w ith  e le v a te d  b lo o d  g lu co se*  F u r th e r  s tu d ie s  to  c h a r a c t e r i s e  th e  
m e ta b o lic  changes i n  th e  w hole an im al w ere beyond th e  scope  of th e  
p r e s e n t  s tu d y  w hich was d es ig n ed  t o  i n v e s t i g a t e  th e  e f f e c t s  of o rg a n o c h lo r in e  
i n s e c t i c i d e s  on h e p a t ic  r e g u la to r y  enzym es, p a r t i c u l a r l y  in  th e  d ev e lo p in g  
n eo n a te*  However th e  ex p erim en ts  i n  th e  a d u l t  do c o n f irm  th e  l i t e r a t u r e  
r e p o r t s  t h a t  th e s e  compounds can le a d  t o  d is tu rb a n c e s  i n  in te rm e d ia ry  
m e tab o lism . They a l s o  in d i c a te  th e  n eed  f o r  c a u t io n  i n  i n t e r p r e t i n g  
a s sa y s  of t o t a l  enzyme a c t i v i t y  in  i n  v i t r o  t i s s u e  hom ogenates as  
r e f l e c t i n g  th e  a c t u a l  m e ta b o lic  a c t i v i t y  o c c u r r in g  v i v o * In  th e  
n e o n a ta l  s t u d i e s ,  w here th e  am ounts of enzymes a re  c h a n g in g  q u i te  
m ark e d ly , and a re  known to  c o r r e l a t e  w ith  a c tu a l  m e ta b o lic  f lu x e s  in  v iv o , 
i t  was th o u g h t t h a t  t h i s  w ould n o t p ro v e  a  s i g n i f i c a n t  r e s e r v a t i o n ,  and 
m easu ring  enzyme a c t i v i t i e s  in  th e  l i v e r  w ould p ro v id e  u s e f u l  in fo rm a tio n ,  
e s p e c i a l l y  i f  c a r r i e d  ou t in  c o n ju n c tio n  w ith  o th e r  te c h n iq u e s  t o  
m o n ito r m e ta b o lic  a d a p ta t io n s .
In  a  p r e l im in a ry  exp erim en t in v o lv in g  p e s t i c id e  a d m in i s t r a t io n  
d u r in g  d ev e lo p m en t, a  p re g n a n t r a t  was o r a l l y  dosed w i th  2*5 mg/kg body 
w e ig h t/d a y  d i e l d r i n  from  day 14 to  day  20 o f  g e s ta t io n *  A c o n t r o l  
p re g n a n t r a t  r e c e iv e d  c o rn  o i l  a lo n e .  The h e p a t ic  enzym es g lu c o k in a s e ,  
h e x o k in a se , p y ru v a te  k in a s e ,  g lu c o s e -6 -p h o s p h a ta s e ,  f r u c t o s e  1 ,6 -b i s p h ô s p h a ta s e , 
p h o sp h o en o lp y ru v a te  c a rb o x y k ip a s e , g lu c o s e -6 —p h o sp h a te  d e h y d ro g e n a se ,
m a lic  enzyme and A T P -c it ra te  ly a s e  w ere a ssay ed  in  th e  n e o n a te s  a f t e r  
b i r t h  and th e  n o ta b le  changes o b served  a re  p re s e n te d  i n  T ab le  5 .1»  T here 
w ere no d ra m a tic  changes in  d ie ld r in - e x p o s e d  n e o n a te s ;  th e  on ly  f e a tu r e s  
p r e s e n t  th ro u g h o u t th e  s tu d y  were a  s i g n i f i c a n t  e l e v a t io n  i n  l i v e r  w e ig h t :
r e t ic u lu m  ( e # r . )  enzyme g lu c o s e -6 -p h o s p h a ta s e ,  p e rh a p s  l in k e d  to  th e  
e . r .  p r o l i f e r a t i o n  w hich  o ccu rs i n  re s p o n se  t o  many f o r e ig n  compounds 
(Remmer and M erk er, 1 9 6 3 ). N eo n a ta l body w e ig h t was c o n s i s t e n t l y  lo w e r, 
s u g g e s tin g  an  im pairm en t of n u rs in g  in  th e  d i e l d r i n  t r e a t e d  m o th e r.
G lueo se -6 -p h o sp h a te  dehydrogenase was g e n e r a l ly  red u ce d  o v er th e  p e r io d  
s tu d ie d .  These p re l im in a ry  r e s u l t s  i n d i c a t e  t h a t  d is tu r b a n c e s  i n  th e  
norm al l e v e l s  of enzymes of in te rm e d ia ry  m etabo lism  may r e s u l t  from  
c h ro n ic  d i e l d r i n  a d m in is t r a t io n  to  th e  m o th e r. In  p a r t i c u l a r ,  by 
m easu rin g  enzyme l e v e l s  d a i l y ,  sm all d i f f e r e n c e s  on e a c h  p a r t i c u l a r  d a y , 
i f  c o n s i s t e n t ly  a l t e r e d ,  may be r e f l e c t e d  in  s i g n i f i c a n t  d is tu rb a n c e s  of 
m etabolism » The dose u sed  in  th e  su b se q u e n t c h ro n ic  s tu d i e s  (2ppm) w ere 
ab o u t o n e - te n th  of th o s e  used  h e re  to  t r y  to  av o id  any a m b ig u i t ie s  a r i s i n g  
from  i n d i r e c t  p e s t i c i d e  e f f e c t s  th ro u g h  d e c re a se d  n u r s in g  fu n c tio n s »
5 .2 .2  E f f e c t  of c h ro n ic  fe e d in g  of .2ppm d i e l d r i n
The e x p e r im e n ta l p ro to c o l used  in  t h i s r s tu d y  has b een  d e s c r ib e d  in  
2 .2 »  As has a l r e a d y  been  d is c u s s e d  ( 4 .2 . 3 ) ,  th e r e  was no e f f e c t  on
T ab le  5 .1  E f f e c t  o f p r e n a ta l  ex posu re  to  d i e l d r i n  on p o s tn a t a l  
m e ta b o lic  d ev e lo p m en t. A p re g n a n t r a t  was dosed o r a l l y  w i th  d i e l d r i n  
(2 .5m g/kg body i r t . / d a y )  from  day 14 t o  day 20 of g e s t a t i o n .  A c o n t r o l  
p re g n a n t r a t  r e c e iv e d  co rn  o i l  o n ly . V alues a re  from  o n ly  li an im al 
f o r  each  of th e  two groups f o r  each  d a y , ex c e p t on day 11 when two 
w ere p o o le d .
P a ram e te r L i t t e r 11
Age (Days p o s t  p a rtu m )
15 . 21 26 29
Body w t . C 22 3 4 .3 5 6 .6 8 0 .3 88 ,1
(ft) T 20 3 2 .5 4 8 .7 7 0 .8 76.2
C 2 .9 3 3 .67 3 .9 4 4 .6 6 4*28
Body w t. T 3 .46 3 .8 8 4 .6 2 4 .9 6 4 .6 1
jOrluc Os e -6 -p h  o sp h a t as  e C 76 .2 9 2 .1 81 .7 7 2 .1 87 ,5
(u n its /lO O g  body w t) T 96.5 96 .6 88.7 101 92 ,8
G lu c o se -6 -p h o sp h a te C 4 .9 5 4 .6 0 3 .75 7 .4 1 9 .84
D ehydrogenase 
(u n its /lO O g  body w t)
T 4 .1 9 3 .7 0 3 .29 7 .5 0 5 .9 3
C o n tro l = C, T re a te d  = T
n e o n a ta l  grow th in  th e  d i e l d r i n  t r e a t e d  an im als  « H ow ever, th e  l i v e r  
w e ig h t t o  body w e ig h t r a t i o s  i n  th e  t r e a t e d  r a t s  w ere s i g n i f i c a n t l y  
e le v a te d  over th e  c o n t ro l s  (p < 0 ,01 ) p a r t i c u l a r l y  in  th e  im m ediate 
p o s t  w eaning  p e r io d  (F ig .  5#2) . T h is, may de a s c r ib e d  t o  th e  p o s s ib le  
developm ent of a  " f a t t y  l i v e r "  as i s  s e e n  w ith  many to x i c  ch e m ic a ls  such  
as  ca rb o n  t e t r a c h l o r i d e ,  d im e th y ln itro s a m in e  and e t h a n o l .  T h is  was 
d is c u s s e d  above in  r e l a t i o n  to  th e  a c u te  s tu d ie s  in v o lv in g  d i e l d r i n .
T h is  e x p la n a t io n  i s  su p p o rte d  by th e  f a c t  t h a t  w here th e  l i v e r  w e ig h t 
t o  body w e ig h t r a t i o  was m ost e le v a te d  in  th e  t r e a t e d  a n im a ls ,  s u p e rn a ta n t  
p r o t e i n  was l e s s  th a n  in  th e  c o n t ro l s  ( F ig . 5 , 2 ) .
The l i v e r  w e ig h t to  body w e ig h t r a t i o s  f o r  th e  t r e a t e d  m o ther a re  
shown in  F ig .  5 .3 .  S im ila r  f ig u r e s  a re  n o t  a v a i la b le  f o r  th e  c o n t r o l  
an im a ls  e x c e p t a t  th e  te rm in a t io n  of th e  e x p e r im e n t. T h ere  i s  a  sm a ll 
d e c l in e  in  th e  r a t i o  over th e  p rem a tin g  p e r io d ,  a s  h a s  p r e v io u s ly  been  
r e p o r te d  by Kacew e t  a l ,  ( 1973b) a f t e r  c h ro n ic  f e e d in g  o f o th e r  c h lo r in a te d  
h y d ro ca rb o n  i n s e c t i c i d e s  to  male r a t s . T h is  e f f e c t  was s t i l l  o b se rv ed  
a f t e r  th e  t e n  week d o s in g  p e r io d ,  when th e  t r e a t e d ,  u n s u c c e s s fu l ly -m a te d  
an im a ls  have somewhat low er r a t i o s  th a n  th e  c o n t r o l s .  T h is  f e a t u r e  i s  
a l s o  seen  w ith  th e  two T a c ta t in g  g roups of an im als  ( F ig .  5 . 3 ) ,
A f te r  m a tin g , th e r e  i s  an i n i t i a l  in c re a s e  in  th e  r a t i o ,  fo llo w e d  
by à  sh a rp  f a l l  t i l l  p a r tu iv i t io n .  L iv e r  w e ig h t in c r e a s e s  th ro u g h o u t
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th e  g e s t a t i o n a l  p e r io d  , h u t hody w e ig h t ,  a f t e r  a  la g  of ab o u t 1 w eek, 
in c re a s e s  r e l a t i v e l y  more r a p id ly -  P resu m ab ly , th e  g r e a t e r  l i v e r  mass 
i s  due to  in c r e a s e s  in  a n a b o lic  f u n c t io n s  to  se rv e  th e  grow ing f o e tu s  
and to  d e a l  w ith  f o e t a l  w aste  p ro d u c ts .  A f te r  b i r t h ,  body w e ig h t f a l l s ,  
w h ile  l i v e r  w e ig h t c o n tin u e s  t o  r i s e  , so t h a t  th e  l i v e r  w e ig h t t o  
hody w e ig h t r a t i o  r i s e s  s te e p ly  as  m ilk  p ro d u c tio n  in c r e a s e s ,  and th e n  
p la te a u s  a t  a b o u t 30^ above th e  n o n - la c ta t in g  v a lu e .
The r e s u l t s  from  th e  l i v e r  enzyme a n a ly se s  d u r in g  p o s tn a t a l  
developm ent o f th e  young a re  p re s e n te d  g r a p h ic a l ly  (F ig s*  5 .4  to  5 .1 l ) #
The enzymes of g ly c o ly s is  assay ed  showed l i t t l e  d i f f e r e n c e  in  th e  
d ie ld r i i i - e x p o s e d  n e o n a te s  compared to  c o n t ro l  a n im a ls . H ex o k in ase , 
w h ich  rem ains  f a i r l y  c o n s ta n t  th ro u g h o u t p o s tn a t a l  l i f e , i s  s l i g h t l y  
red u ced  in  th e  t r e a t e d  an im als  th ro u g h o u t m ost o f th e  e x p e r im e n ta l 
p e r io d  (F ig .  5 , 4 ) .  G lu c o k in a se , one of th e  enzymes of th e  l a t e  s u c k l in g  
c l u s t e r ,  a p p e a rs  n o rm a lly  in  th e  d ie ld r in - e x p o s e d  group  around  day  1 6 , 
and i t s  r i s e  p a r a l l e l s  t h a t  of th e  c o n t r o l  a n im a ls , a l th o u g h  i t  i s  
s l i g h t l y  e le v a te d  a t  i t s  peak  around  30 d a y s . By 8 w eek s , i t  h as  
r e tu r n e d  to  c o n t r o l  l e v e l s  (Fig# 5 * 4 ) .
S im i la r ly ,  p y ru v a te  k in a se  (F ig .  5 . 5 ) ,  w hich i s  p r e s e n t  a t  a  low  l e v e l  
i n  n e o n a ta l  l i v e r ,  r i s e s  around th e  tim e  of w eaning  t o  th e  a d u l t  l e v e l  
by ah o u t 30 d a y s , and th e re  i s  l i t t l e  d i f f e r e n c e  in  th e  d e v e lo p m en ta l
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p a t t e r n  betw een  c o n t r o l  and d ie ld r in - e x p o s e d  an im als*
I t  may be n o te d  t h a t  th e  g ly c o ly t i c  enzym es, p a r t i c u l a r l y  
p y ru v a te  k in a s e , showed a  S l ig h t  f a l l  i n  th e  d ev e lo p m en ta l acc u m u la tio n  
a t  day 26 w hich  i s  s im i la r  to  t h a t  kno'vm t o  o ccu r i n  th e  a d u l t  d u r in g  
f a s t i n g *  T h is  was p ro b a b ly  due to  th e  f a c t  t h a t  th e  a n im a ls  w ere 
t r a n s f e r r e d  a t  t h i s  tim e from  th e  pow dered d i e t  t o  th e  p e l l e t e d  d i e t ^  
and r e q u i r e d  a  s h o r t  tim e  to  a d a p t t o  t h i s  d i e t a r y  ch a n g e . T h is  was 
a l s o  r e f l e c t e d  i n  th e  l i v e r  w e ig h t t o  body w e ig h t r a t i o ,  w hich  showed 
a f a l l  a t  t h i s  tim e  in  b o th  c o n t ro l  and  d ie ld r in - e x p o s e d  a n im a ls  (F ig*  5 * 2 ) , 
p e rh ap s  due to  m o b i l i s a t io n  of h e p a t ic  g ly c o g e n , g iv in g  a  c o n co m ita n t 
r i s e  in  s u p e rn a ta n t  p r o te in  (F ig* 5 * 2 ) .
Of th e  enzymes of g lu c o n e o g e n e s is  a s s a y e d , g lu e  o se  -^6-ph o s p h a t  as  e 
was c o n s i s t e n t ly  r a i s e d  up to  day 26 (p <.0*0l) i n  th e  d ie ld r in - e x p o s e d  
a n im a ls ,  a l th o u g h  th e r e  was no d i f f e r e n c e  a f t e r  30 d ay s  ( F ig ,  5 * 6 ) ,  
P a r a d o x ic a l ly ,  b lo o d  g lu c o se  was low er i n  d ie Id r in -e x p io s e d  n e o n a te s  
com pared to  c o n t r o l  an im als  p r i o r  to  w ean ing  (F ig .  5 . 7 ) .  F ru c to s e  1 ,6 -  
b is p h o s p h a ta s e  i n  d ie ld r in - e x p o s e d  r a t s  showed no  c o n s i s t e n t  d iffe a re n c e  
from  c o n t r o l  v a lu e s  over th e  e x p e r im e n ta l  p e r io d  a s  a  w hole (F ig*  5 * 8 ) , 
a l th o u g h  i t  was s t a t i s t i c a l l y  s i g n i f i c a n t l y  e le v a te d  (p  <0*02) betw een  
10 and 18 d a y s ,  F o r unknown r e a s o n s ,  th e r e  w ere q u i t e  la rg e  f l u c t u a t i o n s  
i n  t h i s  enzyme from  day to  d ay .
One n o te w o rth y  f e a tu r e  was th e  b e h a v io u r  of g lu c o se -6 -p h o s p h a ta s e  
and b lo o d  g lu c o se  a f t e r  th e  change of d i e t  a t  26 days m en tio n ed  ab o v e . 
A lth o u g h , as w ould be e x p e c te d , c o n t r o l  g lu c o se -6 -p h o s p h a ta s e  a c t i v i t y  
ro s e  by 4 6 ^ , and b lo o d  g lu c o se  f e l l  s l i g h t l y ,  in  th e  d ie ld r in - e x p o s e d  
a n im a ls ,  g lu c o se -6 -p h o s p h a ta s e  ro se  by 56^ above i t s  a l r e a d y  e le v a te d  
l e v e l s ,  w h ile  b lo o d  g lu c o se  ro se  by 2 5 ^ . T hus, th e  c o n t r o l  group 
showed good g lu c o se  h o m e o sta s is  w h ile  th e  d ie ld r in - e x p o s e d  an im als  
showed an in ap p rc5> r ia te ly  r a i s e d  g lu e o a e -6 -p h o sp h a ta se  a c t i v i t y  i n  th e  
fa c e  of r a i s e d  b lo o d  g lu c o se  c o n c e n t r a t io n s .  D is tu rb a n c e s  i n  g lu c o se  
h o m e o s ta s is  have in  f a c t  been shown in  a d u l t  an im a ls  a f t e r  b o th  a c u te  
(B h a tia  e t  a l - ,  1972b) and c h ro n ic  (Hiddeman and C o rn is h , 1970) ex posu re  
t o  d i e l d r i n -  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  in  th e  p r e s e n t  e x p e r im e n ts ,  
t h i s  o c c u rre d  a f t e r  exposu re  to  d i e l d r i n  had c e a s e d ,  and  may have been  
due t o  th e  r e l e a s e  o f s to r e d  d i e l d r i n ,  w hich w ould have acc u m u la ted  
i n  body f a t  s to r e s ;  and w hich w ould th e n  be m o b ilis e d  upon f a s t i n g .
The low er b lo o d  g lu c o se  le v e l  in  d ie ld r in - e x p o s e d  r a t s  d u r in g  
s u c k l in g ,  in  s p i t e  o f e le v a t io n s  in  g lu c o n eo g en ic  enzym es, may have 
been  due to  a  d iv e r s io n  of g lu c o se —6 -p h o sp h a te  tow ards g ly c o g e n  
s y n th e s is  in  th e  l i v e r .  An in c re a s e d  f a s t i n g  l i v e r  g ly c o g e n  C o n c e n tra t io n  
was shown by B h a tia  e t  a l .  ( l9 7 2 ) a f t e r  t r e a t i n g  a d u l t  r a t s  w ith  
d i e l d r i n .  To s u p p o r t t h i s  e x p la n a t io n ,  one w ould need  t o  assum e t h a t
g lu c o s e -6 -p h o s p h a ta s e ,  w hich was in c r e a s e d ,  w ould  he fu n c t io n in g  in  
th e  d i r e c t i o n  of g lu c o se  p h o s p h o ry la t io n  f o r  g lycogen  s y n th e s is  to  
o c c u r . T here i s  ev id en ce  t h a t  t h i s  may he th e  c a s â  i n  o th e r  s i t u a t io n s  
( N o r d l ie , 1 9 7 6 ), and in  view  of th e  a h se n se  of g lu c o k in a s e  to  prom ote 
g lu c o se  p h o s p h o ry la t io n  i n  th e  s u c k l in g  p e r io d ,  t h i s  may he  a  p la u s ib le
—
An in c re a s e d  g lycogen  d e p o s i t io n  w ould a l s o  le a d  t o  th e  s l i g h t  
in c re a s e  i n  l i v e r  w e ig h t to  body w e ig h t r a t i o  w hich  was o b se rv ed  (Fig# 5 * 2 ) . 
G lycogen n o rm a lly  makes up on ly  5^ of th e  t o t a l  l i v e r  w e ig h t ,  and in  
th e  n eo n a te  i t  i s  c o n s id e ra b ly  l e s s  ( B a l la r d  and O liv e r ,  1 9 6 3 ) , so t h a t  
even  a d o u b lin g  in  h e p a t ic ,  g lycogen  w ould  n o t  have a  d ra m a tic  e f f e c t  
on l i v e r  w eigh t#  In  th e  d ie ld r in - e x p o s e d  n e o n a te , in c r e a s e d  g lycogen  
d e p o s i t io n  i s  p e rh ap s  a  more l i k e l y  e x p la n a t io n  o f th e  in c re a s e d  l i v e r  
w e ig h t to  body w e ig h t r a t i o  th a n  th e  a l t e r n a t i v e  p o s s i b i l i t y  t h a t ,  as 
i n  th e  a d u l t ,  (B h a tia  e t  a l . ,  1 9 7 2 ), i t  may be due to  in c r e a s e d  
t r i g l y c e r i d e  c o n te n t ,  s in c e  th e  s u c k lin g  n eo n a te  n o rm a lly  has  a  d e c re a se d  
c a p a c i ty  f o r  t r i g l y c e r i d e  s y n th e s i s , b e in g  on a  m ilk  d i e t  of h ig h  f a t  
c o n te n t •
The e f f e c t  of d i e l d r i n  exposure  on th e  enzymes in v o lv e d  in  
l ip o g e n e s is  a re  shown in  F ig s#  5 ,9  to  5 .1 1 .  F a t t y  a c id  s y n th e s is  i s  
known to  be d e c re a se d  d u rin g  s u c k lin g  (B a l la rd  and H anson , 1967a), as
n o te d  a b o v e , so  t h a t  m a lic  enzym e, w hich  fu n c t io n s  to  p ro v id e  th e  
re d u c in g  e q u iv a le n ts  (NADPH) r e q u ir e d  f o r  l i p o g e n e s i s ,  and A T P -c it ra te  
xyase w hich  i s  in v o lv e d  in  th e  t r a n s f e r  of a c e ty l  CoA from  th e  
m ito c h o n d r ia  to  th e  c y to s o l  f o r  f a t t y  a c id  s y n th e s i s ,  a re  b o th  
e s s e n t i a l l y  a b s e n t d u r in g  t h i s  p e rio d #  G lu co se -6 -p h o sp h a te  dehydrogenase  
a l s o  p ro v id e s  NADPH, b u t  t h i s  can  s e rv e  f o r  o th e r  b io s y n th e t ic  p ro c e s s e s  
and f o r  f o r e ig n  compound m e tab o lism . In  a d d i t io n ,  th e  enzyme i s  a t  th e  
b e g in n in g  of th e  p e n to se  pho sp h ate  pathw ay w hich p ro d u ces  pentoses su g a rs  
r e q u ir e d  f o r  n u c le ic  a c id  and o th e r  s y n th e t ic  p r o c e s s e s .  P ro b a b ly  f o r  
th e s e  re a so n s  g lu e o se -6 -p h o sp h a te  dehydrogenase  i s  p r e s e n t  th ro u g h o u t 
s u c k l in g ,  a l th o u g h  a f u r t h e r  r i s e  i s  o b served  a f t e r  w eaning (F ig .  5 .9 )  
i n  a s s o c ia t io n  w ith  th e  in c re a s e d  c a p a c i ty  f o r  l ip o g e n e s is  a t  t h i s  t im e .
rem a in in g  a t  a round  th e  30 day v a lu e  in  fem ale  r a t s , p resum ab ly  t o  
p ro v id e  th e  NADPH f o r  th e  h ig h e r  f a t  d e p o s i t io n  w hich o ccu rs  i n  f e m a le s ,  
w h ile  in  th e  m ale i t  f a l l s .  T h is  sex  d i f f e r e n t i a t i o n  i n  en 2yme a c t i v i t i e s  
i n  p o s t-w ean in g  r a t s  i s  b ro u g h t ab o u t by o e s tro g e n  a c t io n  (p e ig e ls o n ,  1973) 
The d ev e lo p m en ta l a ccu m u la tio n  of g lucose-G H phosphate  dehyd rogenase  
i n  th e  d ie ld r in - e x p o s e d  male an im als  was s im i la r  to  t h a t  o b serv ed  in  
th e  c o n t ro l  g roup  ( F ig .  5 .9 ) ,  a l th o u g h  b o th  A T P -c it ra te  ly a s e  ( F ig .  5*1D) 
and m a lic  enzyme (F ig .  5 .1 1 ) w ere h ig h e r  in  th e  im m ediate p o s t  w eaning
p e r io d .
5 .2 .3  P re lim in a ry  s tu d ie s  on th e  e f f e c t s  of p,p*-DDT on developm ent
M ate rn a l l a c t a t i n g  r a t s  w ere o r a l l y  dosed  w ith  p , p ’—DDT in  
c o rn  o i l  from  th e  day of b i r t h  of th e  l i t t e r  u n t i l  w ean ing  a t  21 days# 
C o n tro l an im a ls  r e c e iv e d  co rn  o i l  a lo n e .  The dosage l e v e l  was v a r ie d  
d u r in g  th e  t r e a tm e n t  p e r io d  from  th e  i n i t i a l  dose of 10 mg/kg body 
w e ig h t/d a y  from  th e  day of b i r t h  to  15 mg/kg body w e ig h t /d a y  <m 
day 6 p o s t  p a r tu m , and to  20 mg/kg body w e ig h t/d a y  on day  11 .
T h is  was i n  o rd e r  to  s im u la te  th e  s i t u a t i o n  t h a t  w ou ld  o b ta in  d u r in g  
fe e d in g  s t u d i e s . in  t h a t  th e  m other i s  known to  consume in c r e a s in g  
am ounts of food  d u r in g  th e  l a c t a t i o n  p e r io d ,  and ex p o su re  t o  d i e t a r j ’’ 
i n s e c t i c i d e  w ould in c re a s e  p r o p o r t i o n a te ly .  N eonates w ere k i l l e d  
on days 17 , 2 1 , 2 8 , 3 2 , and a f t e r  a  24 h o u r f a s t  on day 3 3 .
The r e s u l t s  a re  p re s e n te d  in  T ab le  5 .2 .  The DDT-exposed n e o n a te s  
grew s l i g h t l y  s lo w e r i n i t i a l l y  over th e  t r e a tm e n t p e r io d ,  w h ile  
th e  l i v e r  w e ig h t to  body w e ig h t r a t i o  was v e ry  s i g n i f i c a n t l y  
e le v a te d  (p < 0 .0 0 l)  over th e  c o n t r o l s  a t  a l l  tim e  p o i n t s .  L iv e r  
s u p e rn a ta n t  p r o te i n  was s t a t i s t i c a l l y  s i g n i f i c a n t l y  d e c re a s e d  
(p < 0 .0 0 5 ) ,  a l th o u g h  t h i s  was l e s s  a p p a re n t  a f t e r  f a s t i n g .  The 
g lu c o n eo g en ic  enzymes g lu c o se -6 -p h o sp h a ta se  and p h o sp h o en o lp y ru v a te
T ab le  5 .2  E f f e c t  of c h ro n ic  e x p o s u re .o f  l a c t a t i n g  r a t s  to  p,p*-DDT 
On norm al developm ent in  th e  o f f s p r in g .
H ats  r e c e iv e d  lOmg/1% body w t. /d a y  from  1 - 5  p o s t  p a r tu m , 15mg/ 
kg body w t . /d a y  from  day 6 -  10 , and 20mg/kg body w t . / day  f ro n  day  11 -  2 0 . 
R e s u l t s  show th e  2 v a lu e s  o b ta in e d , e x c e p t f o r  th e  ex p o sed  n e o n a te s  
a t  day 17 and th e  c o n t r o l  n e o n a te s  a t  day 32 w here t h e r e  was o n ly  1 r e s u l t .  
C = CONTROL T = TREATED. Enzyme a c t i v i t i e s  a re  e x p re s s e d  /lOOg body w t .
17 days 21 days 2 8 days 32 d ay s  33 days
(24  h r .  f a s t e d )
BODY WT. C 3 7 .3 ; 35 .7  4 5 .5
(g ) T 3 3 .7 ;  3 6 .5  4 2 .3
lOOx L .\\rt. C 3 .1 4 ; 3 .0 3  3 .74
B .w t. T 3 .6 8 ;  3 .6 7  4 .6 6
S . p r o t ,  
(mg/ml)
G lucose
(mM)
G6Pase
PEPCK
FDPase
GK
EK
PE
ME
ATPCL
G6PDH
C 3 4 .8 ; 3 3 .8  35 .0
T 3 0 .3  2 9 .3
6 .81
6.88
C 9 9 .2 ; 9 0 .0  91 .6
T 9 0 .2 ; 8 5 .1  75 .0
C 6 .6 6 ;  6 .4 2  7 .4 8
T 7 .2 9  3 .40
C 9 .2 9 ; 8 .9 7  6 .77
T 7 .0 7  5 .7 3
C 1 .4 1 ; 0 .9 4  4 .2 3
T 1 .2 5  7 .50
C 1 .3 2 ; 1 .2 1  1 .20
T 0 .9 6  0 .8 4
C 2 8 .8 ;  3 1 .5  25 .2
T 3 6 .4  31 .5
C 0 .1 6 ;  0 .0 0  0 .00
T 0 .7 0  3 .17
C 0 .6 0 ; 0 .5 8  0 .37
T 0 .7 0  1 .07
C 3 .8 6 ; 3 .7 3  3 .25
T 3 .6 1  2 .7 5
G lycogen C 6 4 .7 ;  31 .2  113
(mg/lOOgbivt)T 7 0 .7 ; 5 9 .5  186
4 4 .5  7 9 .0 ;  8 6 .0  105 8 9 .5 ;  100 .5
4 2 .0  7 8 .0 ;  7 9 .5  114; 115 9 4 .0 ;  98 .5
3 .9 3  4 .6 3 ;  4 .7 1  4 .6 3  3 .5 0 ;  3 .9 0
4 .4 5  5 .0 0 ;  5 .1 7  5 .4 0 ;  5 .3 1  3 .7 3 ;; 3 .4 1
31 .0  3 7 .3 ; 3 3 .5  3 7 .5  4 1 .5 ;  3 6 .8
2 8 .8  3 2 .5 ;  3 1 .3  3 1 .8 ;  3 4 .0  3 7 .3 ;  3 6 .3
6 .8 8  6 .4 6 ;  6 .32  5 .5 0  3 .7 7 ;  3 .5 6
6 .70  5 .4 7 ;  6 .6 2  6 .5 3 ;  6 .6 4  4 .0 9 ;  3 .4 1
87 .6  87 .5 ;; 94.T 80.-1 119; 144
6 6 .3  9 0 .0 ; 7 5 .5  102; 105 132 ; 124
7 .5 8  4 .4 9 ;  6 .3 1  4 .9 1  1 6 .8 ;  2 0 .3
2 .4 9  5 .0 5 ;  2 .3 3  4 .9 7 ;  6 .0 0  1 9 .2 ;  1 7 .9
6 .72  6 .2 5 ;  4 .9 9  6 .8 1  7 .9 5 ;  7 .92
5 .7 0  5 .8 0 ;  7 .2 4  7 .8 3 ;  8 .4 4  6 .7 5 ;  5 .7 6
4 .2 8  1 7 .0 ; 15 .4  1 6 .5  8 .5 4 ;  10 .5
6 .6 8  1 4 .6 ;  1 7 .3  1 5 .5 ;  1 3 .7  1 0 .3 ;  1 0 .5
1 .14  2 .6 9 ;  2 .5 0  1 .5 7  1 .9 3 ;  1 .6 8
1 .02 1 .1 0 ; 0 .9 8  1 .3 0 ;  1 .8 1  1 .3 8 ;  1 .1 6
2 4 .6  7 3 .6 ;  9 9 .9  7 8 .2  6 9 .3 ;  77 .2
2 3 .6  6 7 .5 ;  82 .2  6 2 .6 ;  7 4 .3  9 5 .5 ;  6 4 .1
0 .0 0  1 4 .1 :  1 1 .1 1 3 .0 1 2 .0 ;  1 1 .3
3 .03  2 2 .5 ;  2 1 .4  2 4 .2 ;  2 7 .4  1 8 .7 ;  1 2 .8
0 .6 3  7 .4 5 ;  6 .3 6  7 .1 3  2 .7 0 ;  4 .0 2
0 .8 5  6 .9 0 ;  10 .7  7 .1 3 ;  1 0 .8  2 . 7 6 ;  2 .8 6
2 .7 9  7 .6 9 ;  5 .8 9  8 .2 0  6 .2 0 ;  7 .1 8
2 .8 9  6 .8 0 ; 8 .5 8  7 .5 6 ;  9 .72  5 .2 6 ;  4 .8 1
113
151
556; 513 
535; 631
556 
729 ; 680
2 0 8 ; 216 
2 2 4 ; 188
ca rb o x y k in a se  w ere i n i t i a l l y  d e c re a se d  (p < 0 .02 ) , b u t a t  32 d a y s , 
a l l  3 g lu c o n eo g en ic  enzymes w ere c o n s id e ra b ly  e le v a te d  i n  th e  
DDT-exposed g ro u p . T h is  was m irro re d  by an  e l e v a t io n  n o t  on ly  
in  b lo o d  g lu c o s e ,  b u t  a l s o  in  h e p a t ic  g ly c o g e n . L ip o g e n ic  enzymes 
w ere a l s o  r a i s e d  in  th e  DDT-exposed a n im a ls  in  th e  p o s t  w eaning  
p e r io d .  T here was a  norm al re sp o n se  t o  f a s t i n g  w ith  r e s p e c t  to  
g lu c o se  m e tab o lism , i . e .  in  b o th  g roups of a n im a ls ,  g lu c o n e o g e n ic  
enzymes r o s e ,  w h ile  g lu c o k in a se  and th e  l ip o g e n ic  enzym es f e l l ,  
i n  a  s im i la r  m anner. The e le v a t io n  in  h e p a t ic  g ly c o g e n  o b serv ed  
in  th e  t r e a t e d  a n im a ls  d e c l in e d  to  s im i l a r  v a lu e s  to  th o s e  in  
c o n t ro l  an im a ls  a f t e r  f a s t i n g .  The same was t r u e  of l i v e r  w e ig h t 
d i f f e r e n c e s ,  s u g g e s tin g  t h a t  p a r t  of th e  in c re a s e  in  l i v e r  w e ig h t 
o b serv ed  i n  fe d  DDT-exposed an im als  was due to  an in c r e a s e d  
d e p o s i t io n  of g ly c o g e n .
The r e s u l t s  in d i c a te  t h a t  DDT ex p o su re  can p ro d u ce  changes 
i n  c a rb o h y d ra te  and l i p i d  m etabo lism  d u r in g  p o s tn a t a l  d ev e lo p m en t.
5 .2 .4  E f f e c t  of c h ro n ic  fe e d in g  of 20 ppm p , p ’-DDT
The s l i g h t  i n h i b i to r y  e f f e c t  of DDT on th e  grow th of n e o n a ta l
r a t s  h as  a l re a d y  b een  d is c u s s e d  ( 4 .2 . 3 ) .  As w ith  d i e l d r i n ,  DDT caused 
a  s i g n i f i c a n t  e l e v a t io n  in  l i v e r  w e ig h t to  body w e ig h t r a t i o  d u r in g  
s u c k lin g  (E ig . 5 .1 2 ) .  U n like  d i e l d r i n  how ever, t h i s  i s  n o t  r e f l e c t e d  
in  a  d e c re a se d  s u p e rn a ta n t  p r o te in  (F ig .  5 .1 2 ) .  I t  i s  p ro b a b le  t h a t  
th e  e l e v a t io n  in  th e  l i v e r  w e ig h t : body w e ig h t r a t i o  i s  due to  th e  
d e p re sse d  body grow th  r a t e  in  DDT-exposed r a t s , and t h i s  i s  b o rne  o u t 
by th e  p l o t  of l i v e r  w e ig h t a g a in s t  a g e , w hich shows t h a t  in  th e  
t r e a t e d  an im a ls  l i v e r  w e ig h t i s  n o t s i g n i f i c a n t l y  g r e a t e r  th a n  c o n t ro l s  
o ver th e  s u c k l in g  p e r io d  (F ig . 5 .1 3 ) .  The marked d e p re s s io n  in  l i v e r  
w e ig h t a t  day 30 observ ed  in  DDT-exposed an im als  i s  m ir ro re d  by a 
f a l l  i n  h e p a t ic  g lycogen  (F ig .  5 .1 4 ) a t  t h i s  t im e ,  s u g g e s tin g  t h a t
p a r t  of th e  d e c re a se d  l i v e r  w e ig h t : body w e ig h t r a t i o  may be d u e
to  lo s s  of l i v e r  g ly c o g e n . S im i la r ly ,  f a s t i n g  le a d s  to  a  r e d u c t io n  
i n  l i v e r  g ly co g en  le v e l s  to  s im i la r  v a lu e s  in  b o th  c o n t ro l  and 
DDT-exposed a n im a ls , and t h i s  i s  o b se rv ed  a l s o  w ith  l i v e r  w e ig h t : 
body w e ig h t r a t i o .
The e f f e c t  o f DDT exposure on th e  p a t t e r n  of h e p a t ic  enzyme 
developm ent i s  p r e s e n te d  g r a p h ic a l ly  i n  F ig s .  5 .1 5  -  5 .2 2 ; enzyme V 
a c t i v i t i e s  a re  e x p re s s e d  p e r  lOOg body w e ig h t due to  th e  l i v e r  e n la rg e m e n t
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n o te d  ab o v e .
H exokinase rem ained  a t  a  f a i r l y  c o n s ta n t  l e v e l  th ro u g h o u t th e  
e x p e r im e n ta l p e r io d  s tu d ie d  (F ig .  5 .1 5 ) ,  w ith  no s i g n i f i c a n t  d i f f e r e n c e  
betw een  th e  c o n t r o l  and DDT-exposed a n im a ls .  G lu co k in ase  ( F ig .  5 .1 5 ) 
i s  d e te c ta b le  a f t e r  ab o u t day 15 p o s t  partum  in  b o th  g roups o f an im als- 
The su b se q u en t acc u m u la tio n  of th e  enzyme ap p ea red  norm al i n  th e  
DDT-exposed a n im a ls , a lth o u g h  i t  was somewhat r e ta r d e d  i n  re a c h in g  
i t s  peak  v a lu e  a t  30 d a y s . S ta r v a t io n  o v e rn ig h t o r  f o r  24 h o u rs  on 
day 30 r e s u l t e d  i n  a p p ro x im a te ly  tw o - fo ld  g r e a t e r  r e d u c t io n  in  
g lu c o k in a se  a c t i v i t y  in  DDT-exposed r a t s .  T ÿ ruvate  k in a s e  a c t i v i t y  
rem ained  low i n  b o th  c o n t ro l  and in s e c t ic id e - e x p o s e d  r a t s  d u r in g  th e  
s u c k l in g  p e r io d ,  b u t  a c c u m u la tio n , w hich  began a t  w ean ing  f o r  b o th  
g ro u p s , was c o n s id e ra b ly  a t te n u a te d  in  th e  DDT-exposed r a t s  ( F ig .  5 .1 6 )-  
In  c o n t r a s t  t o  g lu c o k in a s e ,  how ever, s t a r v a t io n  of 30 day o ld  r a t s  
o v e rn ig h t o r f o r  24 h o u rs  produced  s im i l a r  d e c re a se s  i n  p y ru v a te  
k in a se  a c t i v i t y  w ith  b o th  c o n t ro l  o r  i n s e c t i c i d e —exposed  g ro u p s .
A ll  of th e  g lu c o n eo g en ic  enzymes a s s a y e d , g lu c o s e -6 -p h o s p h a ta s e ,  
f r u c to s e  1 ,6 -b is p h o s p h a ta s e  and p h o sp h o en o lp y ru v a te  ca rb o x y k in a se  
w ere e le v a te d  i n  th e  DDT-exposed a n im a ls  d u r in g  th e  e a r l y  s u c k lin g  
p e r io d ,  b u t  a f t e r  17 days p o s t partum  th e r e  was l i t t l e  d i f f e r e n c e  
from  c o n t ro l  r a t s  ( F ig s . 5 .17  -  5 .1 9 ) .  O vern igh t o r  24 hout* s t a r v a t io n
in c re a s e d  p h o sp h o en o lp y ru v a te  c a rb o x y k in ase  to  th e  same e x te n t  in  
b o th  DDT-exposed o r c o n t ro l  an im als  (F ig*  5 .-17), how ever, g lu c o se -G - 
p h o sp h a ta se  i s  in c re a s e d  to  a  g r e a t e r  e x te n t  in  DDT-exposed r a t s .
Blood g lu c o se  c o n c e n tr a t io n s  w ere s i g n i f i c a n t l y  red u ced  in  th e  
in s e c t ic id e - e x p o s e d  an im a ls  d u r in g  e a r l y  s u c k l in g ,  and in d e e d ,  rem ained  
low er over m ost of th e  30 week p e r io d  s tu d ie d  (F ig .  5 .2 3 ) .  The g lycogen  
l e v e l  b e g in s  to  r i s e  a t  w eaning when th e  n eo n a te  s t a r t s  t o  consume 
s i g n i f i c a n t  q u a n t i t i e s  of s o l id  fo o d , h ig h  in  c a rb o h y d ra te . The 
a c c u m u la tio n  of g ly co g en  a t  w eaning was more pronounced i n  DDT-exposed 
r a t s  w hich showed g r e a t e r  s to r e s  of g ly c o g en  a t  21 days ( F ig .  5 .1 4 ) ,  
and f a l l s  to  subnorm al l e v e ls  by day 30 . A t l a t e r  ages , g ly co g en  
was a t  c o n t r o l  l e v e l s .  .
The p o s tw ean in g  acc u m u la tio n  of th e  enzymes of l i p o g e n e s i s ,  
p a r t i c u l a r l y  g lu e o se -6 -p h o sp h a te  dehydrogenase  (F ig  5 .2 0 )  and 
A T P -c i t ra te  ly a se  (F ig .  5 .2 1 ’) was r e ta r d e d  in  DDT-exposed r a t s , d e s p i te  
a p p e a r in g  n o rm a lly  around  w ean ing , and t h i s  d i f f e r e n c e  p e r s i s t e d  up 
t o  10 w eeks of l i f e .  M alic enzyme was a l s o  red u ce d  a t  30 days and 
10 weeks (F ig .  5 ,2 2 ) .  I t  i s  n o tew o rth y  t h a t  th e  s e x u a l d i f f e r e n t i a t i o n  
of a c t i v i t y  w hich o ccu rs  a f t e r  30 days p o s t  partum  w ith  g lu c o s e -6 -  
p h o sp h a te  d e h y d ro g e n a se , i s  u n a l te r e d  i n  th e  DDT-exposed a n im a ls .
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S ex u a l d i f f e r e n t i a t i o n  of g lu c o se -6 -p h o sp h a te  dehydrogenase  and 
m a lic  enzyme d u r in g  p o s tn a t a l  developm ent has been  p r e v io u s ly  r e p o r te d  
(Lockwood e t  a l * ,  1 9 7 0 ).
5»2»5 E f f e c t  o f c h ro n ic  DDT exposure  on g lu co n eo g en ic  enzymes i n  
S u c k lin g  N eonates
In  v iew  of th e  e f f e c t s  on g lu co n eo g en ic  enzymes i n  DDT-exposed 
r a t s , a  f u r t h e r  g roup  of p re g n a n t r a t s ^  was m a in ta in e d  on a  20ppm p , p ’-DDT 
d i e t  a s  b e f o r e ,  w ith  a  c o rre sp o n d in g  c o n t r o l  g ro u p . Enzyme s tu d ie s  
w ere c a r r i e d  o u t a t  e a r l i e r  s ta g e s  of s u c k l in g  a t  5 and 8 days 
p o s t  partum  and th e  r e s u l t s  a re  shown in  T ab le  5 .3 .
L iv e r  w e ig h t : body w eig h t r a t i o  was e le v a te d  in  DDT-exposed 
r a t s  a t  b o th  th e s e  a g e s ,  b u t b lood  g lu c o se  c o n c e n t r a t io n s ,  a l th o u g h  
d e p re s se d  a t  5 d a y s , was s im i la r  to  th e  c o n t ro l  l e v e l s  a t  8 d a y s - 
G lueo s e -6 -p h o sp h a ta se  was r a i s e d  a t  b o th  a g e s ,  w h ile  b o th  f r u c to s e  1 ,6 -  
b is p h o s p h a ta se  and  p h o sp h o en o lp y ru v a te  ca rb o x y k in ase  w e r e e s l i g h t ly  
e le v a te d  a t  8 days i n  th e  DDT-exposed a n im a ls .  The r e s u l t s  le n d  some 
g e n e ra l  s u p p o r t to  th e  n o t io n  t h a t  th e  n a t u r a l  e l e v a t i o n  o f g lu c o n e o g e n ic  
enzymes in  th e  s u c k l in g  p e r io d  i s  a c c e n tu a te d  in  th e  DDT-exposed r a t s .
* T h is  g roup  of r a t s ,  a lth o u g h  of a p p a re n t ly  th e  same s t r a i n ,  w ere 
o b ta in e d  from  a  d i f f e r e n t  s u p p l ie r  to  th e  p re v io u s  g ro u p s r e f e r r e d  to  a b o v e .
T ab le  5*3 E f f e c t  of m a te rn a l f e e d in g  of 20 ppm p D D T  on 
n e b û a tà l  enzymes o f g lu c o n e o g e n e s is .
P a ram e te r P o s tn a ta l  Age ^  ^
/ - ( d a y s )
Group C o n tro l DDT C o n tro l DDT
100 X L .w t. 2 .9  + 0 .0 6  3 .0 8  4- 0 .0 6  2 .6 6  +; 0 .0 3  3 .0 0  0 .0 2
B. w t.  (4) (4 ) (4 ) (4 )
GOPase 96 .3  + 3 .7  9 9 .1  +_ 1 .1  7 5 .8  +  2.-1 8 8 . 0 + 3 . 2
/lO O g body w t.  (4 ) (4 ) (4 ) (4 )
FDPase 7 .69  + 0 .6 6  7 .3 3  + 0 .2 7  7 .2 0  + 0 .3 7  7 .82  + 0 .4 2
/lOOg body w t.  (4 ) (4 ) (4 ) (4 )
PEPCK 6 .65  + 0 .22  6 .1 5  + 0 .4 5  5 .9 8  + 0 .2 5  6 .18  +- 0 .2 9
/lOOg body wt . (4 ) (4 ) (4 ) (4 )
B lood G lucose 5 .9 0  + 0 .1 3  5 .5 9  + 0 .1 3  5 ,9 3  + 0 .0 3  6 .0 1  + 0 .1 2
uM ( 11 ) (10) (6 ) (6 )
5 .2 .6  E f f e c t  of c h ro n ic  DDT exposu re  on plasm a i n s u l i n  and h e p a t ic  
c y c l ic  AMP c o n c e n tra t io n s  d u r in g  d ev e lo p m en t.
A f u r t h e r  g roup  of p re g n a n t r a t s *  wa,s m a in ta in e d  on a  20 ppm
p , p ’-DDT d i e t  th ro u g h o u t g e s ta t io n  and l a c t a t i o n ,  and  th e  n e o n a ta l  p rogeny
w ere k i l l e d  f o r  h e p a t ic  c y c l ic  AMP and g ly c o g e n , and  p lasm a i n s u l i n
d e te rm in a t io n  a t  v a r io u s  deve lo p m en ta l ag es  (T ab le  5 . 4 ) .
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t , and w ere s im i la r  t o  c o n t r o l  v a lu e s  a t  o th e r  
a g e s . The in c r e a s e d  c i r c u l a t i n g  i n s u l i n  a t  15 days may have b een  
r e s p o n s ib le  f o r  an  enhanced acc u m u la tio n  of l i v e r  g ly c o g en  w h ich  r e s u l t e d  
i n  h ig h e r  l e v e l s  i n  21 d a y -o ld  DDT-exposed r a t s  com pared to  c o n t r o l s .  
S im i la r ly ,  i t  may have acco u n ted  f o r  th e  a c c e le r a te d  d e c l in e  o f h e p a t ic  
c y c l ic  AMP c o n c e n tr a t io n  a t  t h a t  age i n  DDT-exposed a n im a ls .  The 
d i f f e r e n c e s  i n  th e s e  p a ra m e te rs  w ere n o t  m a in ta in e d  a t  30 d a y s ,  and 
in d e e d , a t  t h i s  a g e ,  enzymic d i f f e r e n c e s  w ere n o t  a p p a re n t  e i t h e r  (T ab le  5 . 4 ) .  
Thus g lu c o se -6 -p h o s p h a te  dehydrogenase and A T P -c i t r a te  ly a s e  w ere s im i l a r  
in  DDT-exposed and c o n t r o l  an im als in  t h i s  s tu d y , i n  c o n t r a s t  to p re v io u s  
o b s e rv a tio n s  ( F ig .  5 .2 0  and 5 .2 1 ) .  In  v iew  of th e  la c k  of enzyme 
m o d if ic a t io n  a t  30 days i n  t h i s  s tu d y ,  i t  i s  d i f f i c u l t  t o  i n t e r p r e t  
th e  r o le  of i n s u l i n  o r h e p a t ic  c y c l ic  AMP in  th e  DDT-^induced d ev e lo p m en ta l
* See fo o tn o te  oh page 149.
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d i s tu r b a n c e s .  I t  w ould a p p e a r . th o u g h , t h a t  n e i th e r  changes in
m essenger c y c l ic  AMP seem to  acco u n t f o r  th e  DDT in d u ced  enzyme 
d is tu rb a n c e s  o b se rv ed  in  e a r l i e r  s tu d ie s  ( 5 .2 .4 ) .  H owever, a lth o u g h  
b a s a l  l e v e l s  of i n s u l i n  a re  n o t a f f e c t e d  by DDT, t h i s  does n o t  r u le  
ou t th e  p o s s i b i l i t y  t h a t  th e  i n s u l i n  re sp o n se  to  s e c re ta g o g u e s  may
5 .2 .7  G lucose to le r a n c e  a f t e r  c h ro n ic  exposure  to  DDT.
In  o rd e r  to  d e te rm in e  i f  th e  c h r o n ic a l ly  exposed an im a ls  showed 
any a b n o rm a li t ie s  i n  g lu c o se  t o l e r a n c e ,  t e s t s  f o r  t h i s  w ere c a r r i e d  
o u t in  25-week- o ld  an im als  w hich had b een  exposed to  DDT d u r in g
■ ■ : ' v : ■
f o e t a l  and n e o n a ta l  l i f e  by fe e d in g  th e  dams w ith  20 ppm p , p ’-DDT 
in  th e  d i e t .  R a ts  w ere f a s te d  o v e rn ig h t ,  and a b lo o d  sam ple (lO Opl) 
f o r  m easurem ent of b a s a l  g lu c o se  c o n c e n tr a t io n  was ta k e n  by c u t t in g  
th e  t i p  o f th e  t a i l  o f f  w ith o u t a n a e s th e s ia #  Im m ed ia te ly  a f t e r  t h i s , 
an  o r a l  g lu c o se  lo a d  of 2 g /k g  body w e ig h t was a d m in is te re d  by  in tu b a t io n ,  
and b lo o d  sam ples th e n  ta k e n  a t  v a r io u s  tim e  i n t e r v a l s  up to  3 hours 
by b le e d in g  from  th e  c u t  t a i l  v e in .  The r e s u l t s  (P ig .  5 .2 4 )  show 
t h a t ,  d e s p i t e  th e  f a c t  t h a t  th e  i n i t i a l  b lo o d  g lu c o se  c o n c e n tr a t io n  
was low er and rem ained  so in  th e  DDT-exposed a n im a ls , th e  r e l a t i v e
r—I
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r i s e  in  g lu c o se  c o n c e n tr a t io n  was of a s im i la r  m agnitude i n  b o th  
c o n t r o l  and DDT-exposed r a t s .  On t h i s  e v id e n c e , th e r e  a p p e a rs  to  be 
no s ig n  of th e  developm ent of f r a n k  g lu c o se  in to le r a n c e  i n  an im a ls  
exposed  to  DDT n e o n a ta l l y ,  a t  l e a s t  by 25 weeks o f a g e .
5 .3  CONCLUSIONS
The e f f e c t s  of d i e l d r i n  on n e o n a ta l  developm ent d id  n o t  seem 
la rg e  a t  th e  dose u sed  of 2 ppm- However, m a te rn a l f e e d in g  o f 20 ppm 
p,p*-DDT le d  to  a  r e t a r d a t i o n  in  th e  d ev e lo p m en ta l a c c u m u la tio n  of 
some enzym es, p a r t i c u l a r l y  th o se  of l ip o g e n e s i s ,  w h ile  th o s e  of 
g lu c o n e o g e n e s is  w ere e l e v a te d .  A d d it io n a l  m easurem ents of c i r c u l a t i n g  
i n s u l i n  and l i v e r  c y c l ic  AMP and g ly co g en  d id  n o t ,  how ever, p ro v id e  
any d e f i n i t e  a d d i t io n a l  in fo rm a tio n  on th e  mechanisms in v o lv e d ,  
and indeed  th e  o r ig i n a l  r e s u l t s  w ere n o t  r e p e a te d .
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CHAPTER 6
EFFECT OF ACUTE EXPOSURE TO ORGANOCHLORINE INSECTICIDES IN THE 
NEONATAL RAT.
6 .1  E f fe c t ,  on n e o n a ta l  developm ent of h e p a t ic  enzym es.
S ince  th e  ap p ea ran ce  of enzymes i s  c r i t i c a l l y  d e p e n d e n t on th e
r i g h t  b a la n c e  of h o rm o n al, n u t r i t i o n a l  and e n v iro n m e n ta l f a c to r s  a t  
c e r t a i n  s p e c i f i c  tim e s  d u r in g  d ev e lo p m en t, an  a t te m p t w as made to  
mimic th e  changes observed  d u r in g  th e  c h ro n ic  fe e d in g  o f  p ,p '-D D T 
(C h ap te r 5 ) ,  o f r e ta r d e d  developm ent of l ip o g e n ic  enzym es, and in c re a s e d  
enzymes o f g lu c o n e o g e n e s is  by g iv in g  a c u te  o r a l  d o ses  o f  l a r g e  am ounts 
of p , p ’~DDT d i r e c t l y  to  th e  n eo n a te  ov er r e l a t i v e l y  s h o r t  p e r io d s  
d u r in g  d ev e lopm en t. C o n tro l r a t s  re c e iv e d  th e  c o rn  o i l  v e h i c le  o n ly .
The dose le v e l s  w ere s e le c te d  a s  b e in g  th e  h ig h e s t  w h ich  c o u ld  
be t o l e r a t e d  by th e  n so n a te s  w ith o u t f r a n k  n e m o to x ic  symptoms o r  
o th e r  g ro s s  p h y s io lo g ic a l  c h a n g e s .d e v e lo p in g . The t r e a t e d  an im a ls  
showed a  s im i la r  groAvth r a t e  to  c o n t r o l s ,  a l th o u g h  1 n e o n a te  d ie d  
from  each  of th e  h ig h e r  dose groups (G roups 4  and 5 ) .  H ow ever, 3 
c o n t r o l s  a l s o  d ie d  ov er th e  e x p e rim e n ta l p e r io d ,  one due t o  an obv ious 
i n f e c t i o n ,  th e  o th e r  two f o r  unknown r e a s o n s .
A ll  b u t  group  5 w ere k i l l e d  on day 30 and th e  enzym es o f l ip o g e n e s is  
a s sa y e d  in  th e  l i v e r .  Group 5 was k i l l e d  on day 14 and g lu c o n eo g en ic  enzymes 
m easu red . The r e s u l t s  (T able 6 .1  ) a r e  e x p re s se d  a s  p e rc e n ta g e  o f
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c o n t ro l  v a lu e s  w ith  enzyme a c t i v i t i e s  c a lc u la te d  on a 1.00 g body w e ig h t 
b a s i s .
In  a l l  5 s t u d i e s ,  l i v e r  w e ig h t to  body w e ig h t was r a i s e d ,  as 
had  p r e v io u s ly  b een  n o te d  in  th e  c h ro n ic  fe e d in g  s tu d ie s  ( 5 .2 .4 ) .
O v e r a l l , th e  b ig g e s t  changes w ere o b se rv ed  in  th o se  an im a ls  r e c e iv in g  
th e  l a r g e s t  dose of DDT, t h a t  i s  g roups 4 and 5 .
Enzymes o f g lu c o n e o g e n e s is  w ere somewhat low er i n  th e  t r e a t e d  
a n im a ls  a t  day 14 (Group 5 ) .  As was p re v io u s ly  observed  in  ex p e rim en ts  
in v o lv in g  s h o r t  te rm  o r a l  d o s in g  of DDT to  th e  l a c t a t i n g  m others  ( 5 .2 .4 )  , 
b lo o d  g lu c o se  was a l s o  low er a t  t h i s  tim e  b u t in  th e  group t r e a t e d
p o s t-w e a n in g  (Group 4 ) g lu c o se  was r a i s e d  a t  30 d a y s .
The d o s in g  sc h e d u le  w hich produced changes m ost l i k e  th o se
observ ed  in  th e  e a r l i e r  c h ro n ic  fe e d in g  s tu d y  was group 1 , w here b o th
g lu e o se -6 rp h o sp h a te  dehydrogenase  and A T P -c it ra te  ly a se  w ere red u ced  
in  th e  t r e a t e d  a n im a ls .  In  v iew  o f th e  f a c t  t h a t  th e  t r e a tm e n t  of 
group  2 ,  w hich  was s i m i l a r ,  b u t  was s t a r t e d  2 days l a t e r ,  p roduced  
no s i g n i f i c a n t  m o d if ic a t io n s  in  enzyme d ev e lo p m en t, i t  seems l i k e l y  
t h a t  th e  p e r io d  be tw een  13 and. 15 days p o s t  parturn  may be c r i t i c a l  
f o r  th e  p ro m o tio n  of developm en ta l enzyme ch an g e s .
In  v iew  of th e  in t e r f e r e n c e  w ith  enzyme changes d u r in g  p o s tn a t a l  
developm ent by DDT in  some of th e s e  a c u te  ex p erim en ts  (Group 1 , T ab le  6 . l )
and i n  th e  c h ro n ic  ex p erim en ts  ( 5 .2 . 4 ) ,  f u r t h e r  work was c a r r i e d  ou t 
t o  i n v e s t ig a t e  o th e r  ev id en ce  f o r  d is tu rb a n c e s  in  n e o n a ta l  in te rm e d ia ry  
m e tab o lism  in d u c ed  by o rg a n o c h lo r in e  i n s e c t i c i d e s .  F o r t h i s  p u rp o s e , 
g lu c o se  tu rn o v e r  m easurem ents in  v iv o  and in  s i t u  l i v e r  p e r fu s io n s  
w ere c a r r i e d  o u t .
6 .2  EFFECT ON GLUCOSE TURNOVER RATE
6 .2 .1  Use of r a d io a c t iv e  t r a c e r s .
The te c h n iq u e  of i n j e c t i n g  r a d io a c t i v e ly  l a b e l l e d  g lu c o se  f o r  
a s s e s s in g  tu rn o v e r  r a t e  in  v iv o  has b een  used f o r  s e v e r a l  y e a r s .
_ ,   ^ 14 ' v -'a:.V  '
I n i t i a l l y ,  [U- C] g lu c o se  was u s e d , b u t  t h i s  g iv e s  an u n d e re s t im a te
due to  th e  r e c y c l in g  of carbon  betw een  g lu c o se  and i t s  g ly c o ly t i c
p ro d u c ts  in  th e  p e r ip h e r y ,  v i a ,  f o r  exam ple , th e  C o ri c y c le  (R e ic h a rd  e t  a l . ,
1 9 65 ). In  o rd e r  to  c o r r e c t  f o r  t h i s  Dunn e t  a l  ( l9 6 ? )  and K atz and  Dunn
( l9 6 ? )  p ro p o sed  th e  use of [6 -^H , U-^^C] g lu c o se  o r [2 —H, U-^^C]
g lu c o s e ,  r e s p e c t i v e l y ,  th e  d i f f e r e n c e  betw een  th e  H and C s p e c i f i c
a c t iv i t y - t im e  c u rv e s  p ro v id in g  a m easure of r e c y c l in g .  T h is  assunœ s
t h a t  t r i t i u m  s e rv e s  a s  a  p e r f e c t  i r r e v e r s i b l e  l a b e l  f o r  g lu c o s e ,  t h a t
a l l  c a ta b o lism  o ccu rs  in  th e  p e r ip h e r y , and th a t  no d e t r i t i a t i o n  o ccu rs
in  th e  l i v e r .  S in ce  th e  enzymes of g ly c o ly s is  a re  e i t h e r  low o r absen £
in  th e  p rew ean ing  r a t  l i v e r ,  l a b e l  i s  u n l ik e ly  to  be l o s t  w i th in  th e
g
l i v e r  w ith  [ 6 -  H] g lu c o s e ,  s iiîc e  th e  t r i t i u m  on p o s i t i o n  6 i s  r e ta in e d  
as  f a r  a s  C3 on p h o sp h o en o lp y ru v a te  (K atz and R o g n s tad , 1 9 7 6 ). T h is 
i s  r a p id ly  l o s t  hy exchange w ith  p r o to n s ,  c a ta ly s e d  by 
a la n in e - 2 - o x o g lu ta r a te  tra n sa m in a se  (Ohima and Tam iya, 1961) o r by 
r e c y c l in g  of p y ru v a te  and p h o sp h o en o lp y ru v a te  by th e  com bined a c t io n s  
of p y ru v a te  k in a s e , p y ru v a te  c a rb o x y la se  and p h o sp h o en o lp y ru v a te  
c a ro  oxy Kidks'b \^jjunn eu a l . ,  1967) .
 ^ .3 : : ' . -  ; ' V  ' V:
T h u s, [ 6 -  H] g lu c o se  was used to  m easure th e  tu rn o v e r  r a t e , s in c e  
i t  i s  th e  l e a s t  l i k e l y  to  be a f f e c te d  by any r e c y c l in g  o c c u r r in g  w i th in  
th e  l i v e r .  I t  was c o n s id e re d  t h a t  th e r e  m ight be e f f e c t s  on g lu c o se  
tu r n o v e r  cau sed  by o rg a n o c h lo r in e  i n s e c t i c i d e s  in  v iew  of th e  in c re a s e d  
enzymes of g lu c o n e o g e n e s is  observed in  th e  r a t s  c h r o n ic a l ly  t r e a t e d  
w ith  DDT, d u r in g  th e  m id -su c k lin g  p e r io d .  F o r t h i s  e x p e r im e n t, 10 day 
o ld  r a t s  w ere o r a l l y  dosed w ith  e i t h e r  50 mg/kg body f re ig h t /d a y  p , p ’—DDT 
o r 10 mg/kg body w e ig h t/d a y  d i e l d r i n  f o r  4  c o n se c u tiv e  d a y s . On 
day 1 3 , a f t e r  th e  l a s t  d o se , g lu c o se  tu rn o v e r  was d e te rm in ed  a s  
d e s c r ib e d  in  th e  M ethods s e c t io n  ( 2 .7 ) .  T h is  age was s e le c te d  s in c e  
t h i s  was when th e  l a r g e s t  d i f f e r e n c e s  i n  enzymes of g lu c o n e o g e n e s is  
w ere observed  i n  th e  c h r o n ic a l ly  DDT t r e a t e d  r a t s  ( 5 .2 . 4 ) .  R a te s  of 
i r r e v e r s i b l e  d is p o s a l  of s u b s t r a te s  a re  m easured by fo llo w in g  th e  .
d is a p p e a ra n c e  of la b e l le d  s u b s t r a te  from  th e  p la sm a , and th e  r a t e  i s  
th e n  a  fu n c t io n  o f  th e  a re a  u n d er th e  cu rve  of r a d i o a c t i v i t y  a g a i n s t
t im e ,  w hich  can  he c a lc u la te d  from  j u s t  4 tim e-sam p le s  (C orney and 
. . .  . . . . . . . . . . . . . . . . . .
in  a  p r e l im in a ry  ex p erim en t w ith  a  l a r g e r  number o f  t im e - p o in ts  and an im als 
of th e  same a g e , p l o t t i n g  th e  s p e c i f i c  a c t i v i t y / t i m e  c u r v e ,  d iv id in g  
t h i s  i n to  fo u r  e q u a l p o r t io n s  of th e  s p e c i f i c  a c t i v i t y / t i m e  i n t e g r a l ,  
and s e l e c t i n g  th e  fo u r  optimum tim e p o in t s  a t  th e  m id d le  o f each
-
T h is  assum es t h a t  th e  t r a c e r  e q u i l i b r a t e s  v e ry  r a p i d l y  w ith  th e
s a m p l i n g  com partm ent (p la sm a ), a s  would o ccu r i f ,  f o r  i n s t a n c e ,  th e  
3 ^H g lu c o se  was i n j e c t e d  d i r e c t l y  in t o  a b lo o d  v e s s e l .  W ith  n e o n a ta l  
r a t s ,  t h i s  i s  n o t  p r a c t i c a b l e ,  so th e  i n t r a p e r i t o n e a l  r o u te  was u se d .
In  th e  p re l im in a ry  ex p erim en t to  e s t a b l i s h  th e  shape o f th e  cu rv e  
t o  d e te rm in e  th e  tim e  p o in t s ,  a  b ip h a s ic  cu rve (F ig .  6 . l )  r e s u l t e d  
w ith  an  i n i t i a l  r i s e  d u r in g  th e  f i r s t  15 m in u te s , i n d i c a t i n g  t h a t  
e q u i l i b r a t i o n  was n o t s u f f i c i e n t l y  r a p i d .  T h is  r e s u l t e d  i n  5 tim e  
p o in t s  b e in g  r e q u i r e d  a t  8 , 2 0 , 35 , 55 and 105 m in u tes  (Cunningham, 
p e r s o n a l  c o ^ u n ic a t io n )  in  o rd e r  to  d e f in e  th e  s p e c i f i c  a o t iv i t y - t im e  
cu rv e  w ith  s u f f i c i e n t  p r e c i s io n .
6 .2 .2  R e s u l ts  and d is c u s s io n .
The r e s u l t s  of th e  g lu co se  tu rn o v e r  ex p erim en ts  a r e  shown 
in  T a b le s  6 .2  and 6 .3 .
F ig .  6 .1  Changes in  s p e c i f i c  a c t i v i t y  of 6 -[  H l-g lu c o s e  a f t e r  i . p  
i n j e c t i o n  in t o  13 day o ld  r a t s .  Each p o in t  i s  th e  r e s u l t  from  a
s in g le  r a t
110
100
90
CO
80
70
GO
50
40
30
20
18090 120 
Time a f t e r  i n j e c t i o n  (m ins)
6030
CO
Ice-
f c l
•H
- P
Ü
0•r-la•H
u
0 )
p
4-1a
m
rH■ Cj
S
0
a
•H
S
•HP
Pd
CO
g
•H
PCtiP
"s0u
go
0
COo§
B
CO(d£
0
1
k
CO
0
P
( d
0
P
t
•H
T3
P
0
•H<X2ë
T3
0
P
cd
0fHt
A
0  
P
1
Ü
o
p
a
0
CO
0§
fH
0
P
■S
1
• H
E-i
lO
O
P
lO
lO
lO
CO
o
CM
00
p
W )
■ H
bDro'w'o
p
: §
0
S
03 CO CM
p CM
o o O
p
4-1 4-1 4-1 CO O P
O O t -
P lO 00
t - CO CO
o GO CO p
CM r-^ p TH
O o o O
-t-i 4 - | i O 4-1 CO 4-1 CO
r - CM P
CO CM
CD CO t> t -
lO t - c o ; CM :
P CM CM CM
• * .
O O O . O'
+  ÎJO 4 - | i O 4-1 CO 4-1 CO
p P 03 lO  .
lO cO 03 00
CO CO CO /
h - p 00 00
P CO o o
O o . o o
+  | i O 4 . | i O 4-1 CO 4 1  CO
03 o CO CM
t ^ r - CO CO ■ , . , ■
CO co t -
c P CO
•CO p p p
o o o
+ |io 4 - | i O 4 - jc O •* ' CM
(M CO iO : CO.
P CO p 00.
h - CO t - h -
lO lO t - 0 0
•o o o o
+  ICO 4 - I p 4 - j i O 4-iCM
CM CM P P
00 p P  '— P — '•
p P P
CM CM CM CM
pofH
o
C J
I
o
fH
oCJ
a
»H
fH
' a
p
0s
E-4 -H
0
•HP
fHO
o
-P
'U
0
«3Op.X
0
CO
-PCd
fH
r—H0
&P
COp
•H
CO
fH
0P1p
cdP
fH
0
§
ip
0 
CO O 
0 fd 
r—IO
CO
CO
0P
'S
EH
13
0
CO
0
&
0
1
•Hp
/"O
pH
0
•H
A
p
o
p
"So
o
T)
0
CO
O
g-
0
A
03
r -
c o
H
O
P
lO
o
00
p
co
p .
co
CO
CM
Pr-
CM
P
+ 1
CO
CM
CM
co
CMo 00
iO  ■ o XO co
co o p o
+1 +I +1 ,  + 1
co co p o
lO 00
lO CM T -
co O
o
so
CM : o
lO O CM
*p o CM o
+1 + 1 +  1 + 1
p 00 ■ ■ A 0 0
ïO 03
t - CM co
co O CM /  CO
■ o , ;
CM
tHo r—
h - o . 03 CM
P o ' P  : O
+  1 +1 +  1 +  1
00 p h - O
p " tCO CM 00
co o
o
CM lO
. p  
co 00
CM
P
O
o CM
00
CM
CM
p
o
o P P , o CM O
p
p + •
+  1 +  1 + 1 +  1 +
ü o 00 O CO h-
o CM co lO
o CM lO CM A
c ô co O
O
CM XO
fl .
P •H P
-0 S A
bD bD
•H 1—1
0 0 o * 0
P o ; ^
p cd A
A P 0 !>ï
T 3 bD p 0 p  'O
C •H A P 0 cd o
* A 0 bD 0 O P A
•H F> 0
P bD 0 O 3 P bD
0 O sd P 0 O
F> O P p bD P> oO P O 0 >j fd o pfl P  A 0 P p P fd"—
p Ü O cd o O p fd
fd P o bD A  A p 0 ^ ‘HP A O ai çd P ^
O bD Ü o •H  ai
0 0 0 P 0 O o. •H p  0 0 ai% 0 0 ai o . P P 1 P ai 0
Q p p p o p P 0 p  p! o p
O O 0 O 0 " ^ 0 Cd P  fd 0 o
g 0 a fd p cd P cd P 0  B
p 3. p  3. p  S P A  2 p  3-
o o  '— ^ cij '— ^ A O ^
p
fd
•H
O
0 : A
î>
P 0
0 2
0 •H
p
0
S 0
•H p
P fd
fd
•H
P • 2
•H  .
> 00
•H
P 0
0 A
Cd P
0 bD
•H , 0
P •H
•rH P
0 P
0 •H
A : 2ai O
0 «
A en
P •Hai
P >>
0 p
T3 cd
. 0
0 Cd
Cd 0
0 : o
P •p
cd aiai
0 . 0
A P
P bD
0
2 Po
P
p A
no ' O
0 0
P P
cd cd
p p
0 ïd
0 0
P p
Cd cd
O o
. *
* *
T ab le  6#2 shows t h a t  th e  mean body w e ig h ts  w ere v e ry  s im i la r  i n  
a l l  4  g ro u p s , w h ile  p lasm a g lu c o se  rem ained  f a i r l y  c o n s ta n t  over th e  
e x p e r im e n ta l p e r io d ,  w hich  i s  e s s e n t i a l  f o r  an a c c u r a te  e s t im a te  of 
th e  g lu c o se  space  to  be made* A s te a d y  plasm a g lu c o se  a l s o  means t h a t  
g lu c o se  u t i l i s a t i o n  i s  e q u a l to  g lu c o se  p ro d u c tio n *  O v e r a l l ,  th e re  
w ere no s i g n i f i c a n t  d i f f e r e n c e s  betw een  c o n t ro l  and t r e a t e d  an im als  
w ith  r e s p e c t  t o  e i t h e r  body w e ig h t o r p lasm a g lu c o se -
V T ab le  6 .3  p r e s e n ts  th e  tu rn o v e r  p a ra m e te rs ,  th e  f i r s t  v a lu e  b e in g  
c a l c u la te d  t r o c  th e  s p e c i f i c  a c t i v i t y / t i m e  i n t e g r a l ,  t h e  re m a in d e r h y  : 
e x t r a p o la t in g  th e  p l o t  of lo g  s p e c i f i c  a c t i v i t y / t i m e  b a c k  t o  z e ro  tim e*
The l a t t e r  m ethod p roduces a g lu c o se  tu rn o v e r  r a t e  c o n s id e ra b ly  
low er th a n  t h a t  g iv e n  by th e  fo rm e r. The re a so n  f o r  t h i s  i s  p ro b ab ly  
th e  s i g n i f i c a n t  tim e  re q u ir e d  f o r  e q u i l i b r a t i o n  o f th e  i n j e c t e d  
g lu c o se  r e l a t i v e  t o  tu rn o v e r  r a t e .  T h is  e q u i l i b r a t i o n  tim e  i s  betw een 
10 and 15 m in u tes  from  F ig .  6 .1 ,  and d u r in g  t h i s  tim e  a t  l e a s t  23^ of 
th e  g lu c o se  p o o l i s  tu rn e d  o v e r . T h u s , th e  p a ra m e te rs  c a l c u la te d  by 
e x t r a p o la t io n  do n o t  have a  s t r i c t  p h y s io lo g ic a l  m ean in g , b u t  a re  
p e r f e c t l y  v a l id  t o  a llo w  a com parison betw een 2 g ro u p s of a n im a ls  o f 
th e  same age* However, th e re  was no s i g n i f i c a n t  d i f f e r e n c e  betw een 
e i t h e r  of th e  two g roups in  any of th e  p a ra m e te rs  c a l c u l a t e d ,  a lth o u g h  
th e  v a lu e s  o b ta in e d  f o r  th e  two d i f f e r e n t  tr e a tm e n ts  d i f f e r e d  c o n s id e ra b ly  
f o r  an unknown re a s o n .  The r e s u l t s  f o r  th e  d ie Id r in - e x p o s e d  group  and
t h e i r  C o n tro ls  a g re e  b e s t  w ith  th o se  of Vernon and W alker ( l9 7 2 )  , ly in g  
betw een  th o s e  f o r  10 d a y -o ld  and 30 d a y -o ld  r a t s .
6 .3  E f f e c t  of DDT on g lu co n eo g en ic  r a t e  in  th e  n e o n a ta l  r a t .
6 .3 .1  Use o f L iv e r  p e r fu s io n
The u se  o f o rgan  p e r fu s io n  to  a s s e s s  th e  in  v iv o  p h y s io lo g ic a l  
r a t e  o c c u r r in g  in  v a r io u s  m e ta b o lic  pathw ays has r e c e n t ly  become p a p u la r  
w ith  th e  e l u c id a t io n  of th e  in d iv id u a l  enzymes and pathw ays in v o lv e d  in  
m e tab o lism . I t  i s  n o t  r e a l l y  s u f f i c i e n t  m ere ly  t o  know how much of a  
p a r t i c u l a r  enzyme o r s e r i e s  of enzymes a re  p r e s e n t  i n  a  t i s s u e ,  i t  i s  
a l s o  im p o r ta n t to  know th e  a c tu a l  f lu x  th ro u g h  t h a t  p a th w ay . T h is  
in fo rm a tio n  can be p ro v id e d  by p e r f u s io n  of organs w ith  a  s y n th e t i c
medium re se m b lin g  b lo o d ,  s in c e  th e  o rgan  i s  m a in ta in e d  in  a s  n e a r  to
p h y s io lo g ic a l  c o n d i t io n s  as  p o s s ib le  w h ile  s t i l l  a l lo w in g  a d d i t io n  of 
s e le c te d  s u b s t r a t e s  to  th e  medium, and m o n ito r in g  o f any  changes in  
th e  m e tabo lism  of th e  o rg an .
S to ry  e t  a l  (1 9 7 6 ) , u s in g  in  s i t u  a d u l t  l i v e r  p e r f u s io n ,  o r 
i s o la te d  h e p a to c y te s  ( s to r y  and F re e d la n d , 1978b) from  r a t s  f e d  
200 ppm o ,p ’-DDT f o r  3 weeks showed an i n h i b i t i o n  of g lu c o n e o g e n e s is  
from  l a c t a t e , b u t  n o t  g ly c e r o l .  T h is  i s  i n  c o n t r a s t  t o  th e  e l e v a t io n  
i n  g lu co n eo g en ic  enzymes observed by S in g h a l and Kacew { l9 7 6 ) and 
Kacew and S in g h a l ( l9 7 3 a )  w ith  c h ro n ic  a d m in is t r a t io n  of a  v a r i e t y  of
c h lo r in a te d  hydrocarbon, i n s e c t i c i d e s ,  in c lu d in g  p , p ’-DDT, b u t  th e y  
d id  n o t i n v e s t i g a t e  c h ro n ic  d o s in g  of o ,p '-D D T . In c u b a tio n  o f l i v e r  
s l i c e s  w ith  1 pAI p,p*~DDT f o r  1 hour in c re a s e d  c y c l ic  AMP p ro d u c tio n  
and by in f e r e n c e  th e  enzymes of g lu e o n e o g e n e s is  (S in g h a l and Kacew 1 9 7 6 ).
6 .3 .2  R e s u l t s  and d is c u s s io n .
In  th e  l i g h t  of th e s e  c o n t r a s t in g  o b s e rv a t io n s ,  n e o n a ta l  r a t s
aged  betw een  13 -  16 days w ere f a s t e d  o v e rn ig h t and th e  l i v e r  p e r fu s e d
in  s i t u  a s  d e s c r ib e d  in  th e  methods s e c t i o n .  Flow was m a in ta in e d  a t  
2 -  3 m ls /m in u te -  A f te r  a  40 m inute p r e - p e r f u s io n  p e r io d ,  a  m ix tu re  
of l a c ta t e /p y r u v a t e  was added to  th e  p e r f u s a te  to  a  f i n a l  c o n c e n tr a t io n  
of 10 loM and 1 mM r e s p e c t iv e l y .  A f te r  a  f u r th e r  40 m in u te s , 1 mg of 
p ,p '-D D T in  100[il d im e th y lsu lp h o x id e  was a d d ed , g iv in g  a  c o n c e n tr a t io n  o f 
a p p ro x im a te ly  50 pit, and sam pling  co n tin u e d  f o r  a f u r t h e r  50 m in u te s .
The r e s u l t s  (F ig .  6 .2 )  shows t h a t  th e  a d d i t io n  o f DDT had  no  s i g n i f i c a n t  
e f f e c t  on th e  g lu co n eo g en ic  r a t e  o b se rv ed - The n e t  r a t e  o f g lu c o se  
s y n th e s is  in  th e  c o n t r o l  p e r fu s io n s  of 0 .6 9  pm oles/m in /g  t i s s u e  a g re e s  
f a i r l y  w e ll  w ith  t h a t  observed  f o r  l a c t a t e  a lo n e  by S n e l l  ( l9 7 5 )  f o r  
10 day old  r a t s .
I t  th u s  a p p e a rs  t h a t  s h o r t - te rm  ex p o su re  to  DDT in  v i t r o  h as  no ’
im m ediate e f f e c t  on h e p a t ic  g lu c o n e o g e n e s is . T hus, i t  m igh t a p p e a r
t h a t  DDT does n o t  have a  d i r e c t  e f f e c t  on c y c l ic  AMP le v e l s  i n  n e o n a ta l
F ig .  6 .2  E f f e c t  o f p , p ’-DDT in  v i t r o  on th e  r a t e  of g lu c o n e o g e n e s is  
from  p y r u v a t e / l a c t a t e  (iraM/lOraM) in  o v e rn ig h t f a s te d  13 -  16 day old  r a t s . 
The arrow  in d i c a te s  th e  tim e of a d d i t io n  of DDT to  th e  p e r f u s a te  to
g iv e  a  f i n a l  c o n c e n tr a t io n  of a p p ro x im a te ly  SOpAI. G lu co n eo g en ic  r a t e  
i s  expressed , i n  fim oles g lu c o se  fo rm ed /g  t i s s u e ,  and v a lu e s  a re  means SEM 
f o r  4 r a t s .
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l i v e r p  s in c e  any in c re a s e  in  th e  c o n c e n tr a t io n  o f c y c l ic  n u c le o t id e  
m igh t have been  expected, to  r e s u l t  in  an  in c re a s e  i n  g lu c o n e o g e n e s is  
in  th e  p e r fu s e d  n e o n a ta l  l i v e r .  However, Beaudry e t  a l#  ( l9 7 7 )  have 
sho>m t h a t  g lu c o n e o g e n e s is  i s  p ro b a b ly  o p e ra t in g  a t  a  m axim al r a t e  
in  th e  s u c k lin g  p e r io d  and i s  n o t r e s p o n s iv e  t o  f u r t h e r  s t im u la t io n  
by c y c l ic  AMP. What i s  c l e a r  i s  t h a t  th e r e  i s  no i n h i b i t o r y  e f f e c t  
of DDT on g lu c o n e o g e n e s is  in  th e  p e rfu se d  n e o n a ta l  r a t  l i v e r ,  and 
th e  e f f e c t  found  by S to ry  e t  a l .  ( l9 7 6 )  m ust b e  due to  th e  u se  of
in  key g lu c o n eo g en ic  enzymes by p , p ’-DDT observed  by Kacew i s  n o t 
th e  on ly  e v id en ce  t h a t  t h i s  isom er le a d s  to  an in c r e a s e  i n  th e  r a t e  
of g lu c o n e o g e n e s is  i n  v iv o  in  th e  a d u l t .  In  a d d i t i o n ,  e a r l y  s tu d ie s  
w ith  DDT showed an  in c re a s e  in  b lo o d  g lu c o se  and u re a  (S toh lm an  and L i l l i e ,  
1 9 4 8 ).
6 .4  CONCLUSIONS
The r e s u l t s  d e s c r ib e d  in  t h i s  c h a p te r  s u g g e s t t h a t  th e  d e v e lo p m en ta l 
enzyme m o d if ic a t io n s  observed  i n  a c u te  exposu re  s i t u a t i o n s  p ro b a b ly  
do n o t  r e s u l t  in  any m ajo r a l t e r a t i o n s  in  g ro s s  c a rb o h y d ra te  
m etabo lism *  S im ila r  c o n c lu s io n s  may a l s o  a p p ly  t o  th e  e f f e c t s  of 
c h ro n ic  ex p o su re  to  c h lo r in a te d  h y d ro ca rb o n  in s e c t i c i d e s #
C H A P T E R  7
CONCLUSIONS
C O N C L U S I O N S
7.1 PESTICIDE ACCUMULATION
7 ,1 * 1  D is c u s s io n  of P re v io u s  S tu d ie s
A lthough  s e v e r a l  s tu d ie s  have been  c a r r i e d  o u t on th e  
p h a rm a c o k in e tic s  of d i e l d r i n  and DDE (R ob inson , 1969; R ob inson  e t  a l * ,  1969) 
a f t e r  p ro lo n g ed  f e e d in g ,  few p u b l i c a t io n s  have appea red  d e a l in g  w ith  
th e  way in  w hich  o rg a n o c h lo r in e  i n s e c t i c i d e s  a re  r e t a in e d  in  th e  body
fo llo w e d  th e  ac c u m u la tio n  of d i e l d r i n  in  th e  b lood  , l i v e r  and a d ip o se  
t i s s u e  of fem ale  r a t s  over a s ix  month p e r io d  of fe e d in g  w ith  50 ppm 
d i e l d r i n .  B lood and l i v e r  c o n c e n tra t io n s  ro s e  f o r  n in e  d a y s , th e n  
rem ained  r e l a t i v e l y  c o n s ta n t ,  w hereas i t  to o k  u n t i l  day 16 f o r  th e  
le v e l  of d i e l d r i n  i n  f a t  to  p la te a u .  A f te r  t h i s  t im e ,  th e  a b s o lu te  
and r e l a t i v e  r e s id u e  c o n c e n tra t io n s  in  b lo o d , l i v e r  and a d ip o se  t i s s u e  
rem ained  f a i r l y  c o n s ta n t ,  a t  a  r a t i o  of 1 ; 29 : 474 a s  o c c u rre d  i n  
th e  p r e s e n t  w ork . T h is  i s  in  agreem ent w ith  th e  d a ta  o f R obinson  e t  a l ,  
( l9 6 9 )  who s u g g e s te d  t h a t  th e  p h a rm a c o k in e tic s  of d i e l d r i n  c o u ld  be 
d e s c r ib e d  by a  two Compartment m odel, w ith  th e  b lo o d  and  l i v e r  f  orm ing 
a  r a p id ly  e q u i l i b r a t i n g  c e n t r a l  com partm ent and a d ip o se  t i s s u e  a 
more s lo w ly  e q u i l i b r a t i n g  p e r ip h e r a l  com partm ent.
T here i s  l e s s  d a ta  f o r  DDT, a lth o u g h  e q u i l i b r a t i o n  i n  man 
a p p e a rs  to  ta k e  s e v e r a l  months a t  l e a s t ,  even in  p lasm a (Morgan and R oan,
1 9 7 4 ). Hayes e t  a l .  ( l9 7 l )  showed in  man t h a t  e q u i l i b r a t i o n  of 
DDT in t o  body f a t  ta k e s  12 -  18 m on ths. One p o s s ib le  r e a s o n  f o r  
th e  lo n g  p e r io d  r e q u i r e d  i s  t h a t  th e r e  i s  th e  c o m p lic a tin g  f a c t o r  
of m e tab o lism  to  b o th  DDD w hich i s  e v e n tu a l ly  e x c r e te d ,  and  DDE, w hich  
i s  th e  m a jo r s to r a g e  m e ta b o l i te ,  i n  a d d i t io n  to  th e  p r im a ry  compound 
DDT, When DDE i s  ta k e n  up by ad ip o se  t i s s u e  i t  te n d s  t o  rem ain , 
b u t  DDT i s  in  dynam ic e q u i l ib r iu m  w ith  p la sm a , and c o n t in u in g  h e p a t ic  
m e tab o lism  r e s u l t s  i n  a  s t e a d i ly  in c r e a s in g  f r a c t i o n a l  c o n te n t  of 
DDE i n  th e  f a t .
7 .1 .2  C om parison of D ie ld r in  and DDT.
A com parison  of th e  r e s u l t s  of DDT a n a ly se s  w ith  d i e l d r i n  a n a ly s e s  
r e v e a ls  t h a t ,  d e s p i t e  th e  f a c t  t h a t  th e  dose of DDT was t e n - f o l d  h ig h e r  
th a n  t h a t  of d i e l d r i n ,  th e  t o t a l  am ounts of each in  c o r re s p o n d in g  
t i s s u e s  w ere o n ly  2 -  8 - f o ld  d i f f e r e n t  (see  3 .2 .1  & 3 .2 * 2 ) .  T h is  i s  
p ro b a b ly  due to  th e  more r a p id  m e tab o lism  and e x c r e t io n  o f  DDT, a l th o u g h  
i t  i s  d i f f i c u l t  to  compare th e  k in e t i c s  of two d i f f e r e n t  com pounds, even  
though  th e y  a re  s im i l a r  in  t h e i r  p h y s ico ch e m ic a l p r o p e r t i e s .  The s m a l le s t
d i f f e r e n c e  betw een  DDT and d i e l d r i n  i s  in  m a te rn a l b lo o d ,  r e f l e c t i n g  
p e rh ap s  th e  more r a p id  s e c r e t io n  of DDT a c ro s s  th e  p la c e n ta  and 
i n t o  th e  m i lk ,  i n  a d d i t io n  to  more e f f e c t i v e  m e tab o lism  by th e  m other*
n e o n a ta l  b lood  shows t h a t  DDT and i t s  m e ta b o li te s  a p p e a r  to  c ro s s  th e  
p la c e n ta  more e f f e c t i v e l y  th a n  d i e l d r i n .  H owever, s in c e  th e  d i f f e r e n c e  
i s  due a lm o s t e n t i r e l y  to  th e  h ig h e r  am ount of th e  l e s s  t o x i c ,  more 
e a s i l y  e x c re te d  DDD, th e  e f f e c t  i s  p e rh a p s  n o t t o x i c o l o g i c a l l y  v e ry  
s i g n i f i c a n t .  DDT a l s o  seems to  be t r a n s m i t t e d  th ro u g h  th e  m ilk  more 
e f f i c i e n t l y  th a n  d i e l d r i n  as shown by th e  h ig h e r  r a t i o  o f DDT i n  n e o n a ta l  
and m a te rn a l b lood  compared to  th e  same r a t i o  f o r  d i e l d r i n  (s e e  T ab le s  3 .1
"  z     ..................
(s e e  T ab le  3*2) shows a  c o n c e n tr a t io n  f a c t o r  o f 7 .4  o v e r  th e  d i e t a r y  
l e v e l ,  i n  ag reem en t w ith  O ttobon i and F e rg u so n , ( l9 6 9 )  who fo u n d  le v e l s  
i n  m ilk  w hich  w ere 5 -  10 f o ld  h ig h e r  th a n  th o se  i n  fe e d  a t  20 ppm 
DDT. T h e ir  d a ta  su g g e s te d  t h a t  th e r e  m igh t be a  d e c l in e  i n  m ilk  
l i p i d  : fe e d  DDT r a t i o  w ith  an in c r e a s in g  d i e t a r y  l e v e l  of DDT, so  
t h a t  a t  low er l e v e l s  of DDT in  th e  f e e d ,  th e  r e l a t i v e  am ount i n  m ilk  
m igh t be even  h ig h e r .  T h is  f in d in g  i s  n o te w o rth y  in  te rra s  of e n v iro n m e n ta l 
s ig n i f i c a n c e  of p e s t i c id e  t r a n s m is s io n  in  b r e a s t  m i lk .
7 . 1 .3 .  R e lev an ce  of I n s e c t i c id e  A n a ly ses  to  Man»
o b s e rv a tio n s  in  man, p u b lish e d  le v e l s  of r e s id u e s ,  p a r t i c u l a r l y  i n m i l k ,  
have been  com pared w ith  th o se  o b ta in e d  in  th e  p r e s e n t  f e e d in g  s tu d ie s  
(se e  T ab le  7 . 1 ) .
T ab le  7 .1  shows th e  w ide ran g e  o f  v a lu e s  w hich have b e e n  o b ta in ed  in  
d i f f e r e n t  p a r t s  o f th e  w o rld . I t  i s  n o tew o rth y  t h a t  h ig h  l e v e l s  a re  
ob se rv ed  in  d e v e lo p in g  c o u n t r i e s ,  such  a s  G uatem ala , w here o rg a n o c h lo r in e  
i n s e c t i c i d e s  have b een  u sed  e x te n s iv e ly ,  and in  p eo p le  i n  lo w er 
so c io -eco n o m ic  c l a s s e s ,  such as  th e  r u r a l  b la c k s  i n  U .S .A . S ig n i f i c a n t ly ,  
i t  i s  in  th e s e  p e o p le  where m a te rn a l b r e a s t  m ilk  i s  a  p r im a ry  so u rce  o f 
i n f a n t  n u t r i t i o n .  The h ig h e s t  v a lu e  of DDT in  human m ilk  i n  th e  G uatem ala 
su rv ey  i s  ab o u t a  q u a r te r  of t h a t  o b ta in e d  i n  th e  p r e s e n t  s tu d y ( s e e  3 . 2 .2 ) .  The 
FAO /  vVHO recommended l i m i t  f o r  c o n ta m in a tio n  in  m ilk  i s  0 .0 5  ppm DDT, 
a  f ig u r e  w hich  i s  exceeded  by m ost c o u n t r i e s .  S im ila r  c o n s id e r a t io n s  
a p p ly  to  th e  FAO /  WHO recommended l i m i t  on av erag e  d a i ly  in ta k e  f o r  
i n f a n t s  of 0 .005  m g /k g /d ay , s in c e  a  5 kg baby  consum ing 800 ml m ilk /d a y  
w i l l  exceed  t h i s  v a lu e  i n  m ost of th e  c a s e s  shmvn i n  T ab le  7 .1 .  The 
d a ta  a l s o  shows t h a t  cows m ilk  can be an im p o rta n t so u rc e  o f o rg a n o c h lo r in e  
i n s e c t i c i d e s  f o r  human in g e s t io n .
To p ro v id e  à f u r t h e r  com parison w i th  th e  r e s u l t s  o b ta in e d  in  th e
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p r e s e n t  s tu d y ,  d a ta  from  I s r a e l  on m a te rn a l and f o e t a l  b lo o d  a re  
alsiO p re s e n te d  (T ab le  T . l ) ,  As e x p e c te d  f o r  a  d ev eloped  c o u n try ,  
a b s o lu te  v a lu e s  a re  one to  two O rders of m agnitude l e s s  th a n  th o s e  
observed  i n  th e  p r e s e n t  work* On a w hole b lo o d  b a s i s ,  th e  m easurem ents 
show a  low er l e v e l  in  f o e t a l  b lood  a s  com pared to  m a te rn a l b lo o d , 
a s  was found  in  th e  p r e s e n t  s tu d y .  The e s t im a te d  a d u l t  d a i l y  in ta k e s  
o f DDT and d i e l d r i n  f o r  some i n d u s t r i a l i s e d  c o u n tr ie s  a r e  shown 
in  T ab le  7 .2 .  In  g e n e r a l , th e s e  a re  o f th e  o rd e r  of 1000 tim e s  le s s  
th a n  th e  l e v e l s  employed in  t h i s  w ork .
In  c o n c lu s io n ,  th e  d a ta  shown in  3 .2 ,1  and 3 .2 .2  show t h a t  
t r a n s p l a c e n t a l  expo su re  t o  o rg a n o c h lo r in e  i n s e c t i c i d e s  i s  r e l a t i v e l y  
u n im p o rta n t com pared to  t h a t  re c e iv e d  i n  th e  m ilk . The p l a c e n ta ,  
a s  w e ll  a s  a c t in g  as  a  p h y s ic a l  b a r r i e r ,  i n h i b i t i n g  t r a n s p l a c e n t a l  
p a s s a g e , i n  th e  ca se  of DDT a t  l e a s t ,  i s  a b le  to  fu n c t io n  i n  a  more 
p o s i t i v e  p r o te c t iv e  m anner, by m e ta b o lis in g  DDT to  th e  l e s s  to x ic  
DDD* The mammary g lan d  does n o t a p p e a r  to  p o s se s s  t h i s  c a p a b i l i t y  
and s e c r e te s  th e s e  compounds v e ry  e f f i c i e n t l y .
The g e n e ra l  p o p u la tio h  of th e  w e s te rn  w orld  i s  n o t  n o rm a lly  
exposed  to  h ig h  le v e ls  of o rg a n o c h lo r in e  i n s e c t i c i d e s ,  b u t  
u n d erd ev e lo p ed  c o u n t r ie s  w hich s t i l l  make heavy use of t h i s  ty p e  o f 
compound r e c e iv e  c o n s id e ra b le  q u a n t i t i e s  of them . The g r e a t e s t
d
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exp o su re  of th e  g e n e ra l  p o p u la t io n ,  n o n -o c c u p a tio n a l ly  exposed  to  
o rg a n o c h lo r in e  i n s e c t i c i d e s  i s  t h a t  of in f a n t s  fe d  m a te rn a l  b r e a s t  
m i lk ,  p ro v id in g  a  good r a t i o n a l e  f o r  s tu d y in g  th e  e f f e c t s  o f th e s e  
compounds s e c r e te d  in t o  th e  m ilk  on th e  im p o rta n t d e v e lo p m e n ta l 
p ro c e s s e s  o c c u r r in g  in  th e  im m ed ia te ly  p o s t - n a t a l  p e r io d .
7 .2 .  HEPATIC ENZYlviE DEVELOBIENT AND INSECTICIDE FEEDING
7 .2 .1  Enzyme changes observed  in  c o n t r o l  r a t s .
The p a t t e r n  of changes i n  enzyme l e v e l s  d u r in g  developm ent observed  
in  th e  c o n t ro l  an im a ls  fo llo w s  f a i r l y  c lo s e ly  t h a t  o b se rv ed  by o th e r  
w o rk ers  (Vernon and W alk er, 1968a; T a y lo r  e t  a l . ,  1 9 6 7 ). However no
o u t i n  t h i s  w o rk , when many enzyme a c t i v i t i e s  ap p e a r t o  f a l l  c o n s id e ra b ly  
from  th e  peak  v a lu e s  o b ta in ed  a t  30 -  50 d a y s . The " a d u l t "  r a t s  used 
by V ernon and W alker ( l9 6 8 a ) , 200 -  250g m ales w hich  a r e  o n ly  about 
50 — 60 days old do n o t show t h i s  d e c l in e  observed  in  th e  o ld e r  a n im a ls .
S u p e rn a ta n t p r o te in  in c re a s e d  g r a d u a l ly  ov er th e  d ev e lo p m en ta l 
p e r io d  s tu d ie d ,  from  75 mg/g t i s s u e  a t  10 days p o s t  partum  t o  120 rag/g 
t i s s u e  in  th e  40 week old r a t s ,  w hich i s  a s l i g h t l y  b ig g e r  r i s e  th a n  
t h a t  o bserved  by V ernon and W alker ( l9 ô S a ) .  In  p a r t i c u l a r ,  around th e  
tim e  of w ean in g , th e r e  i s  a f a i r l y  m arked r i s e ,  p o s s ib ly  due to  a  
d e c l in e  in  th e  l i p i d  w ith in  th e  l i v e r ,  b ecau se  o f th e  changed  d i e t ,  
i n  a d d i t io n  to  an  in c re a s e  in  g e n e ra l  enzyme p r o t e i n .  S u p e rn a ta n t 
p r o te i n  goes on r i s i n g  as  f a r  as 40 w eeks b u t  t h i s  i s  more th a n  
com pensated f o r  by a  g r e a t e r  d e c l in e  in  t o t a l  l i v e r  w e ig h t r e l a t i v e  
to  body w e ig h t w hich  o ccu rs  a f t e r  a peak  a t  betw een  4 and 7 w eek s , so  • 
t h a t  o v e r a l l  th e  amount of l i v e r  s u p e rn a ta n t  p ro te in ,/ lO O g  body w e ig h t 
f a l l s  i n  th e  o ld e r  a n im a ls . The e a r l y  r i s e  in  l i v e r  w e ig h t : body w e ig h t
from  10 days to  30 days p o s t partum  i s  v e ry  s im i la r  to  t h a t  observed  
by V ernon and W alker (1968a ) ,  a lth o u g h  i t  c o n tin u ed  somewhat lo n g e r  
th a n  th e  25 days observed  by th e s e  w o rk e rs .
H exokinase a c t i v i t y  rem ains a t  th e  low l e v e l  c h a r a c t e r i s t i c  of 
a d u l t  v a lu e s  th ro u g h o u t th e  p o s tn a t a l  d ev e lo p m en ta l p e r io d ,  a s  has 
been  p re v io u s ly  r e p o r te d  (Jam dar and G reen g ard , 1 9 7 0 ), a l th o u g h  th e  
a b s o lu te  l e v e l s  i n  th e  p r e s e n t  s tu d y  a re  somewhat h ig h e r  th a n  th e  
p u b lish e d  v a l u e s , p resum ab ly  b ecau se  th e  l a t t e r  w ere c a r r i e d  o u t a t  25^C.
G lu co k in ase  i s  an im p o rta n t r e g u la to r y  enzyme of g lu c o se  m etab o lism  
in  th e  a d u l t  r a t  (N iem ayer e t  a l . ,  1975; W einhouse, 1976) , and i s  
in f lu e n c e d  by b o th  horm onal and. n u t r i t i o n a l  f a c t o r s .  The low le v e l  
of g ly c o ly s is  i n  th e  s u c k lin g  a n im a ls , i s  r e f l e c t e d  in  g lu c o k in a se  
a c t i v i t y ,  w hich was e s s e n t i a l l y  a b s e n t up to  day 1 6 , i n  c o n f irm a tio n  of 
p r e v io u s ly  p u b lis h e d  work (W alker and H o lla n d , 1965; Jam dar and G reen g a rd , 
1970; P a r t r id g e  e t  a l . ,  1975 ), th e n  ro s e  to  a  p eak  a t  a ro u n d  30 days# 
A g a in , th e  v a lu e s  o b ta in e d  h e re  a re  h ig h e r  th a n  th e  p u b lis h e d  v a lu e s  
(W alker and H o lla n d , 1965; Jam dar and G reen g ard ; 1970; P a r t r i d g e  e t  a l # ,
1 9 7 5 ), b u t  t h i s  i s  p ro b a b ly  due in  p a r t  a t  l e a s t ,  t o  t h e i r  u se  of 
low er a s s a y  te m p e ra tu r e s .  The e f f e c t  of f a s t i n g  on g lu c o k in a s e  a c t i v i t y  
i s  in  ag reem en t w ith  th e  d a ta  of Sharma e t  a l .  (1963) who fo u n d  a  d ro p  
i n  a c t i v i t y  o f ab o u t 20^ a f t e r  24 h o u r f a s t i n g ,  w h ile  h e x o k in a se  rem ained
unchanged- T h is  r e g u la t io n  of th e  a d u l t  le v e l  of g lu c o k in a se  i s  a lm o st 
e n t i r e l y  due to  i n s u l i n  (D ip ie tro  and W einhouse, I9 6 0 ) ,  a l th o u g h  i t  
i s  in f lu e n c e d  by many o th e r  hormones and m essengers such  as  a d r e n a l in e ,  
g lu cag o n  cind c y c l ic  AllP ( P i l k i s ,  1 9 7 0 ), ad ren a lec to m y  (Sharm a e t  a l . ,
1964; G reengard  and Dewey, 1 9 7 3 ), hypophysectom y (Sharma e t  a l . ,  1 9 6 4 ), 
and p o s s ib ly  th y ro id e c to m y  (Sharma e t  a l . ,  1964). T h y ro id  hormone may 
a l s o  be in v o lv ed  in  th e  i n i t i a l  ap p ea ran ce  of g lu c o k in a se  i n  th e  n e o n a ta l  
r a t ,  e i t h e r  d i r e c t l y  (P a r t r id g e  e t  a l . ,  1975 ), o r i n d i r e c t l y  
(A lle n  e t  a l . ,  1 9 7 8 ), and t h i s  has been  d is c u s s e d  in  more d e t a i l  i n  
th e  in t r o d u c t io n  ( 1 .8 . 5 ) .
p y ru v a te  k in a se  r i s e s  in  th e  p o s t-w ean in g  p e r io d  a s  r e p o r te d  
by V ernon and W alker ( l9 6 8 a ) ,  T a y lo r  e t  a l .  (1 9 6 7 ), and M id d le to n  and 
W alk e r, (1 9 7 2 ) , a l th o u g h  th e  a b s o lu te  a c t i v i t i e s  w ere lo w e r , a s  o bserved  
by  o t h e r s , th a n  th o s e  of Vernon and W alk er.
p y ru v a te  k in a se  f e l l  in  a  s im i la r  manner to  g lu c o k in a s e  on f a s t i n g  
and Nakamura and Kumegawa (1973) , have shoivn in  a  f o e t a l  mouse l i v e r  
c u l tu r e  sy stem  t h a t  p y ru v a te  k in a se  i s  r e g u la te d  by in s u l in #
The key enzymes of g lu c o n e o g e n e s is  , w hich have p r e v io u s ly  b een  
r e p o r te d  t o  be h ig h  in  th e  s u c k lin g  r a t  (Vernon and W alk e r, 1968a:), 
when e x p re s se d  on a  lOQg body w e ig h t b a s i s ,  seem to  rem ain  f a i r l y  c o n s ta n t  
in  t h i s  s tu d y  ov er th e  p o s tn a ta l  d ev e lo p m en ta l p e r io d ,  b eca u se  of th e
in c r e a s e  in  l i v e r  w e ig h t : body w e ig h t r a t i o .  G lu c o se -6 -p h o sp h a ta se  
d e c l in e s  e v e n tu a l ly  to  around 50^ of th e  s u c k lin g  l e v e l ,  w h ile  
p h o sp h o en o lp y ru v a te  ca rb o x y k in ase  rem a in s  f a i r l y  c o n s ta n t  over th e  
w hole p e r io d  s tu d ie d ,  a lth o u g h  i t  i s  m ost e le v a te d  i n  th e  l a s t  few 
few days b e fo re  w eaning  as  observed  by V ernon and W alker ( 1968 a ) . 
F ru c to s e  1 ,6 -b is p h o s p h a ta s e  goes on in c r e a s in g  u n t i l  30 days and 
beyond , i n  p a r t i a l  agreem ent w ith  t h e i r  d a t a .
One n o te w o rth y  f e a tu r e  w hich does n o t  ap p ea r to  have b een  p r e v io u s ly  
r e p o r te d  i s  th e  sex  d i f f e r e n t i a t i o n  a p p a re n t  i n  g lu c o se -6 -p h o s p h a ta s e  
and p h o sp h o en o lp y ru v a te  ca rb o x y k in ase  a t  7 ,  10 and 20 w eeks of a g e ,  
w ith  fem ale  a c t i v i t i e s  b e in g  c o n s id e ra b ly  low er th a n  m a le s .  As w ith  
th e  sex  d i f f e r e n t i a t i o n  observed  in  th e  l ip o g e n ic  enzymes n o te d  below , 
th e  d i f f e r e n c e s  h ad  la r g e ly  d isa p p e a re d  by 30 w eeks.
The d ev e lo p m en ta l changes observed  in  th e  l ip o g e n ic  enzymes s tu d ie d  
a re  i n  good q u a l i t a t i v e  and q u a n t i t a t i v e  ag reem en t w ith  th o s e  o b ta in e d  
by o th e r  w o rkers (T a y lo r e t  a l . ,  1967; Vernon and W a lk e r , 1968a) w ith  
a  p o stw ean in g  r i s e  to  a  peak  a t  a round  30 d a y s , fo llow ed , by a  g ra d u a l 
d e c l in e  in  m a le s , th e  l e v e l  in  fem ales  re m a in in g  h ig h  u n t i l  a f t e r  
10 weeks f o r  m a lic  enzyme and g lu c o se -6 -p h o sp h a te  d e h y d ro g e n a se . As 
o b serv ed  by T a y lo r  e t  a l . ,  ( l9 6 7 ) th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
betw een  male and. fem ale  an im als  in  th e  c a se  of ATP-c i t  r a t e  l y a s e .
The d ev e lo p m en ta l changes o c c u r r in g  i n  b lo o d  glucx)se; f o l lo w  th ose ; 
ob se rv ed  by V ernon and W alker ( 1972) and Page e t  a l . ,  ( l 9 7 l )  a l th o u g h  
th e  10 day o ld  v a lu e s  a re  s l i g h t l y  lo w e r . T here i s  a  g ra d u a l  in c re a s e  
d u r in g  s u c k l in g  as  th e  n eo n a te  becomes more m e ta b o l ic a l ly  com peten t 
to  c a r r y  o u t g lu c o n e o g e n e s is , w hich re a c h e s  a  s te a d y  p la te a u  d u r in g  
th e  m id -p o stw ean in g  p e r io d ,  fo llo w ed  by a d e c l in e  t o  th e  20 week l e v e l .
I t  i s  n o te w o rth y  t h a t  d e s p i te  th e  d e c re a s e d  g lu co n eo g en ic  enzyme le v e ls  
observed  in  th e  fem ale  r a t s ,  b lo o d  g lu c o se  l e v e ls  a re  s im i l a r  i n  b o th  
m ales and fe m a le s ,  in d e e d , th e  fem ales  show somewhat h ig h e r  b lo o d  
g lu c o s e  le v e ls  a t  10 and 20 weeks (d a ta  n o t  sho^m) .
One g e n e ra l  p o in t  w hich can be made c o n ce rn in g  a l l  th e  enzyme 
l e v e l s  i s  th e  way in  w hich th e y  change q u i t e  m arked ly  even  a f t e r  se x u a l 
m a tu r i ty  w hich i s  com plete  by ab o u t 7 w eek s, so  t h a t  i t  i s  v e ry  im p o rta n t 
to  be s p e c i f i c  ab o u t th e  age of r a t s  used  when d i s c u s s in g  " a d u l t "  
enzyme a c t i v i t i e s .  The re a so n  f o r  th e s e  changes i s  n o t  a t  a l l  c l e a r ,  
b u t  s in c e  th e  d i e t  i s  no lo n g e r  c h a n g in g , p resum ably  i t  i s  a  r e f l e c t i o n  
of f u r t h e r  g ra d u a l m a tu ra tio n  o c c u r r in g  w i th in  th e  t i s s u e .
7.2.2 2 ppm Dieldrin
The r e s u l t s  f o r  th e  c h ro n ic  fe e d in g  of d i e l d r i n  p r e s e n te d  in
5 . 2 .2 ,  when compared to  th o s e  observed  in  a d u l t  a n im a ls  a c u te ly  
exposed to  d i e l d r i n  shown in  5 .2 .1 ,  i n d i c a t e  t h a t  th e  changes d i f f e r  
q u a l i t a t i v e l y  a s  w e l l  a s  q u a n t i t a t i v e l y  from  th o s e  se e n  in  th e  a d u l t .  
However, th e  d a ta  su g g e s ts  t h a t  a t  th e  lo w - le v e l  d i e l d r i n  exposure  
u sed  in  th e  p r e s e n t  s tu d y ,  th e re  i s  no d ra m a tic  e f f e c t  on p o s tn a ta l  
d ev e lo p m en ta l enzyme a c c u m u la tio n . G luconeogen ic  enzyme a c t i v i t i e s  
ap p ea r to  be augm ented d u rin g  th e  s u c k l in g  p e r io d , w h ile  th e  
d ev e lo p m en ta l a c c u m u la tio n  of l ip o g e n ic  enzymes a t  w ean ing  ap p ea rs  
to  be s t im u la te d  in  d ie ld r in -e x p o s e d  a n im a ls -  Thus th e  o v e r a l l  
e f f e c t s  of d i e l d r i n  exposu re  seem to  be to  e x a g g e ra te  d ev e lo p m en ta l 
m etab o lism  a t  v a r io u s  p o s t - n a t a l  s t a g e s .  I t  i s  n o te w o rth y  t h a t  
th e s e  m o d if ic a t io n s  o f m etabo lism  a re  o n ly  m a n ife s t  d u r in g  th e  
d ev e lo p m en ta l p e r io d  , and do n o t r e s u l t  in  p e r s i s t e n t  changes in
and o th e r  d ev e lo p m en ta l s t im u l i  w h ic h , wbeh a d m in is te re d  p re m a tu re ly  
to  d e v e lo p in g  r a t s  evoke th e  p re c o c io u s  a c c u m u la tio n  o f enzymes 
d u r in g  developm ent o r in c re a s e  th e  r a t e  of such  a c c u m u la tio n s ,  b u t 
do n o t a f f e c t  th e  f i n a l  m ature v a lu e  w hich i s  a t t a in e d  (G reen g ard , 1 9 7 1 ).
H ow ever, th e  changes observed  in  th e  d ie ld r in - e x p o s e d  n e o n a te s  
d i f f e r e d  from  t h i s  in  t h a t  d i e l d r i n  d id  n o t  produce p rem a tu re  
developm ent of enzym es, b u t  m ere ly  augm ented th e  changes a l r e a d y  
o c c u r r in g ,  th e  m e ta b o lic  consequences in  v iv o  of th e  d ev e lo p m en ta l 
enZyme m o d if ic a t io n s  observed  i n  th e  d ie ld r in -e x p o s e d  n e o n a te s  
w ould r e q u i r e  d i r e c t  m easurem ents to  a s s e s s *  N e v e r th e le s s ,  th e  
m agnitude of th e  enzyme changes s u g g e s ts  t h a t  th e  m e ta b o lic  
consequences would be r e l a t i v e l y  t r i v i a l . In  v iew  of t h i s ,  and 
th e  la c k  of p e r s i s te n c e  of th e  changes i n to  a d u lth o o d , f u r t h e r  
m e ta b o lic  s tu d ie s  w ere n o t pursued  in  t h i s  w ork.
7 , 2 .3  Com parison of Imown enzyme developm ent m e d ic a tio n  w ith  
D D T -re la ted  e f f e c t s .
In  o rd e r  to  e x p la in  th e  changes observed  in  th e  enzymes o f
th e  l a t e  s u c k lin g  c l u s t e r  w ith  p , p ’-DDT p re se n te d  in  5 .2 .4 ,  a
number of p o s s i b i l i t i e s  can be c o n s id e re d :
F i r s t l y ,  t h a t  DDT i s  a c t in g  by i n t e r f e r i n g  w ith  n e o n a ta l
n o u rish m en t a s s o c ia te d  w ith  s u c k lin g  o r w ean ing . T h is  does n o t
seem v e ry  l i k e l y  s in c e  most of th e  p e s t ic id e -m e d ia te d  changes
o ccu rred  a f t e r  th e  an im als  were weaned a t  day 2 1 , a f t e r  w hich
tim e th e  DDT-exposed group a te  and grew a t th e  same r a t e  a s  th e
c o n t r o l s .  T hus, th e  enzymes w hich w ere m od ified  t o  a  l e s s e r  o r
g r e a t e r  e x t e n t ,  -  p y ru v a te  k in a s e ,  g lu c o se -6 -p h o sp h a te  d eh y d ro g en a se , 
m a lic  enzyme and A T P -c it ra te  ly a se  -  app ea red  a t  th e  same p o s tn a t a l  
age in  b o th  g ro u p s , b u t  th e  developm ent of maximum a c t i v i t y  was 
r e ta r d e d  i n  th e  DDT-exposed g ro u p .
The w ork of V ernon and W alker ( 1968b) , i n  w hich a l t e r a t i o n  
in  th e  tim e  of w ean ing  le d  to  a  m o d if ic a t io n  of th e  tim e of 
ap p ea ran ce  of enzym es, and t h a t  of Lockwood, e t  a l .  ( l9 7 0 )  w hich 
showed t h a t  an  a r t i f i c i a l l y -  induced  d e la y  in  w eaning (by  g iv in g  
. . . .  . . . . . . .
of th e  enzymes m a lic  enzyme, A T P -c it ra te  ly a s e ,  p y ru v a te  k in a s e  . 
and g lu c o se -6 -p h o s p h a te  d eh y d ro g en ase , a lth o u g h  p ro d u c in g  changes 
in  th e  same d i r e c t i o n  to  th o se  observed  w ith  DDT, a re  n o t  com parable 
s in c e  th e  abnorm al developm ent in  t h i s  s tu d y  o ccu rred  p o s t  w ean in g , 
w h ile  b e fo re  w ean in g , enzyme le v e ls  w ere n o rm al.
S eco n d ly , th e r e  i s  th e  p o s s i b i l i t y  t h a t  DDT i s  s im p ly  a c t in g  
as  a  g e n e ra l  h e p a to to x in  to  p roduce to x ic  e f f e c t s  on th e  l i v e r .
T h is  p o s s i b i l i t y  how ever, seems v e ry  u n l i k e l y ,  s in c e  th e  e f f e c t s  
o bserved  a re  s p e c i f i c  to  c e r t a i n  enzymes w h ich , m o reo v er, a re  
u n re la te d  to  f o r e ig n  compound m etabolism *
F i n a l l y ,  i t  i s  p o s s ib le  t h a t  DDT i s  a c t in g  in  a manner such  
a s  t o  e i t h e r  mimic o r i n l i i b i t  th e  a c t io n  of hormones a s  d ev e lo p td en ta l
s t im u l i*  As rev iew ed  in  th e  in t r o d u c t i o n ,  th e re  i s  p le n ty  of ev id en ce  
t h a t  o rg a n o c h lo r in e  i n s e c t i c i d e s  can  have horm onal e f f e c t s  ( l* 7 )  
and a l s o  t h a t  horm onal t r i g g e r s  a re  v e ry  im p o rta n t in  d e te rm in in g  
th e  d ev e lo p m en ta l appea ran ce  of enzymes ( l . 8 ) .  However, th e  a c tu a l  
e v id e n c e  a p p e a r in g  in  th e  l i t e r a t u r e  f o r  each  p a r t i c u l a r  enzyme 
and hormone i s  n o t  e n t i r e l y  in  ag ree m en t. I t  now a p p e a rs  t h a t  
th y ro x in e  i s  v e ry  im p o rta n t in  t r i g g e r in g  th e  norm al ap p e a ra n c e  
o f g lu c o k in a s e  in  th e  n e o n a ta l  l i v e r ,  n o t hy a c t in g  a s  a  s p e c i f i c  
in d u c e r  p e r  s e , h u t  by h av ing  a  more g e n e ra l  e f f e c t  on l i v e r  
m a tu ra tio n  (A lle n  e t  a l . ,  1978 ). M alic enzyme has a l s o  b een  shown 
t o  be induced  a t  day 18 by th y ro x in e  (Lockwood e t  a l . ,  1970;
Jam dar and G reen g a rd , 1970)* E vidence f o r  A T P -c it ra te  ly a s e  anÆ 
p y ru v a te  k in a se  b e in g  induced  by i n s u l i n  i s  l e s s  s u b s t a n t i a l ,  
b e in g  based  on th e  p rem a tu re  in d u c t io n  of th e s e  enzymes by 
i n t r a g a s t r i c  i n tu b a t io n  o f knoim s t im u la to r s  of i n s u l i n  r e l e a s e  
such  as  g lu c o s e ,  g ly c e r o l  o r f r u c to s e  (jam dar and G reen g a rd , 1 9 7 0 ), 
w h ile  th e  ev id en ce  f o r  g lu c o se -6 -p h o sp h a te  dehydrogenase b e in g  
induced  by in s u l i n  comes only, from  th e  f a c t  t h a t  i t  i s  known to  
r e g u la te  th e  enzyme in  th e  a d u l t .  An e f f e c t  on hormone a c t io n  
i s  p ro b a b ly  th e  m ost l i k e l y  e x p la n a tio n  f o r  th e  e f f e c t s  of DDT 
and p o s s ib le  mechanisms w i l l  be d is c u s se d  below#
T here i s  no ev id en ce  f o r  any o e s tro g e n ic  o r a n t i - o e s t r o g e n ic  
e f f e c t s ,  s in c e  th e  enzymes w hich show th e  sex  d i f f e r e n t i a t i o n  a f t e r  
30 days p o s t  p artum  dev e lo p  n o rm a lly  in  th e  DDT-exposed g ro u p .
In  any c a s e , t h i s  e x p la n a tio n  f o r  th e  changes observ ed  i s  u n l i k e ly  
s in c e  o e s tro g e n  i s  n o t  th o u g h t to  in f lu e n c e  enzyme developm ent 
i n  th e  n e o n a ta l  p e r io d •
T here i s  m ore ev id en ce  t h a t  DDT c o u ld  be h a v in g  an  a n t i —th y r o id  
e f f e c t .  J e f f e r i e s  ( l9 7 5 )  has a l re a d y  su g g e s te d  t h a t  many of th e  
s u b le th a l  e f f e c t s  of o rg a n o c h lo r in e  i n s e c t i c i d e s  a re  due t o  e f f e c t s  
on th e  th y ro id , (s e e  1 .7 .2 ) *  Such an  a c t io n  w ould be c o n s i s t e n t  
w ith  th e  r e t a r d a t i o n  in  developm ent of th e  l ip o g e n ic  enzymes by  
DDT, s in c e  Lockwood e t  a l .  ( l9 7 0 ) have shown t h a t  p re m a tu re  in d u c t io n  
o f th e s e  enzymes can  be evoked by th y r o x in e .  However, th e  enzyme 
w hich showed th e  g r e a t e s t  in d u c tio n  by th y ro x in e  was m a lic  enzym e, 
w hich  was th e  enzyme w hich  v/as l e a s t  r e ta r d e d  in  th e  p r e s e n t  w ork .
In  a d d i t io n ,  in  v iew  of th e  f in d in g s  o f P a r t r id g e  e t  a l .  ( l9 7 5 )  
and A lle n  e t  a l .  (1 9 7 8 ) , re d u c in g  th y ro id  fu n c t io n  m ig h t be  
ex p ec ted  to  d e la y  th e  appearance  of g lu k o k in a s e , b u t  t h i s  w as n o t  
th e  c a s e .  F i n a l l y ,  an e f f e c t  of DDT on th y ro id  horm ones w ould 
n o t  p ro v id e  an e x p la n a t io n  f o r  th e  s t im u la t io n  of g lu c o n e o g e n ic  
enzymes o b se rv e d .
On b a la n c e ,  p e rh a p s  th e  most l i k e l y  h o rm o n e-lik e  a c t io n  f o r  '
DDT would be one in v o lv in g  or s im u la tin g  an a n t i - i n s u l i n  /  p ro ­
g lu cag o n  a c t i o n .  E v idence f o r  t h i s  i s  t h a t  th e  enzymes whose 
ac c u m u la tio n s  w ere m ost a f fe c te d , by DDT sh a re  in  common th e  f e a tu r e  
of b e in g  im der p a n c r e a t ic  horm onal c o n t r o l .  The n a t u r a l  p o s tn a t a l  
e l e v a t io n  of g lu c o s e - 6-p h o sp h a ta se  and. p h o sp h o en o lp y ru v a te  ca rb o x y k in ase  
i s  presum ed to  be due to  g lucagon  a c t in g  th ro u g h  i t s  second  m essenger 
c y c l ic  AMP. G lucagon a d m in is t r a t io n  t o  f o e t a l  o r new born r a t s  h a s  
b een  shown to  p re m a tu re ly  induce th e  s y n th e s is  of g lu c o s e - 6-p h p sp h a ta se  
(G reengard  and Dewey, 19G7) and p h o sp h o en o lp y ru v a te  ca rb o x y k in a se  
(Yeung and O l iv e r ,  1968; P h i l i p p id i s  and B a l la r d ,  1970) , w h ile  
p lasm a g lu c ag o n  and h e p a t ic  c y c l ic  AÎ;IP a re  b o th  e le v a te d  in  th e  
im m ediate p o s tn a t a l  p e r io d  (Beaudry e t  a l . ,  1977; DiMarco and O liv e r ,  
1 9 7 8 ). I n r a d d i t i o n ,  th e  d e c l in e  in  g lu cag o n  and c y c l ic  AMP c o in c id e s  
w ith  th e  d e c l in e  in  g lu c o n eo g en ic  enzymes a t  w eaning (B eaudry  e% a l . ,  
1 9 7 7 ), The augm ented e l e v a t io n  o f g lu c o s é - 6-p h o sp h a ta se  and 
p h o sp h o en o lp y ru v a te  ca rb o x y k in ase  in  th e  m id -su c k lin g  p e r io d  observed  
w ith  DDT c o u ld  be due to  an a d d i t io n a l  s t im u la t io n  o f p a n c r e a t ic  
g lu cag o n  s e c r e t i o n ,  o r a  p o te n t i a t io n  of g lucagon  a c t io n  on th e  
l i v e r .  T h is  l a t t e r  p o s s i b i l i t y  i s  p e rh a p  more l i k e l y  i n  v iew  of 
th e  d i r e c t  s t im u la t io n  of c y c l ic  AîvCP p ro d u c tio n  w hich h as  b een
ob se rv ed  in  a d u l t  l i v e r  s l i c e s  in  th e  p re se n c e  of low c o n c e n tr a t io n s  
(10~^M) of p ,p '-D D T (Kacew,and S in g h a l ,  1 9 74 ).
As d is c u s s e d  a b o v e , p y ru v a te  k in a s e ,  A T P -c it ra te  l y a s e ,  and 
p o s s ib ly  g lu e o s e - 6-p h o sp h a te  d ehy rogenase  a re  a l l  th o u g h t to  be 
in d u ced  by i n s u l i n  a t  w ean ing . Yau and Mennear ( l9 7 7 ) showed t h a t  
DDT co u ld  i n h i b i t  i n s u l i n  s e c r e t io n  in  m ice . The b a s a l  l e v e l  of
b u t  th e  r e l e a s e  of i n s u l i n  in  re sp o n se  to  an o r a l  g lu c o se  lo a d  
was re d u c e d . T h is  e f f e c t  p e r s i s te d  f o r  a t  l e a s t  1 week a f t e r  th e  
a d m in is t r a t io n  of DDT. T his e f f e c t  was n o t however found in  th e  
p r e s e n t  s tu d y  u s in g  r a t s  fo llo w in g  p o s tn a t a l  exposure  (se e  5 . 2 . 7 ) .
S u p p re ss io n  of th e  dev e lo p m en ta l in c re a s e  by  DDT cou ld  be  due 
to  an  i n t e r f e r e n c e  w ith  p a n c re a t ic  i n s u l i n  r e l e a s e ,  or a  r e d u c t io n  
in  th e  an tag o n ism  b y  in s u l i n  of th e  h e p a t ic  c y c l ic  AMP sy stem  w hich 
i s  th o u g h t to  u n d e r l ie  a t  l e a s t  some of th e  a c t io n s  of i n s u l i n .
An e f f e c t  on p a n c r e a t ic  i n s u l i n  r e le a s e  w ould n o t , i n  i t s e l f ,  e x p la in  
th e  enhancem ent of g lucagon  re sp o n s iv e  enzymes in  a n im a ls  t r e a t e d  
w ith  DDT. However, i n s u l i n  hnd g lu cag o n  a c t  a n t a g o n i s t i c a l l y ,  and 
an in c re a s e  in  g lucag o n  re sp o n s iv e  enzymes and a d im in u tio n  in  
i n s u l i n  re s p o n s iv e  enzymes co u ld  be b ro u g h t abo u t by an o v e r a l l  
enhancem ent of h e p a t ic  c y c l ic  AMP p ro d u c tio n  by DDT. A model f o r
such  an a c t io n  h as  b een  d e sc r ib e d  by S in g h a l and.Kacew ( l9 7 6 )  , in  
w hich d i r e c t  i n t e r a c t i o n  of DDT w ith  th e  plasm a membrane to  a f f e c t  
second m essenger t r a n s m is s io n  i s  en v isag ed  (see  F ig  7 . l ) . In  v iew  
of i t s  h ig h  l i p o p h i l i c i t y  and th e  "m o le c u la r  wedge" model d e v ise d  
to  e x p la in  i t s  n e u r a l  t o x i c i t y  (see  1 -2 . 1 ) ,  such a  d i r e c t  i n t e r a c t i o n
Some f u r t h e r  ev id en ce  f o r  an invo lvem en t of th e  p a n c r e a t ic  
hormones i n  DDT-induced d evelopm en ta l a b n o rm a li t ie s  i s  th e  e f f e c t  
on g lu c o k in a s e .  A lth o u g h  t h i s  enzyme ap p ea rs  n o rm a lly  in  th e  DDT- 
exposed  a n im a ls ,  i t s  30 day le v e l  i s  s l i g h t l y  r e d u c e d , w hich  i s  
r e m in is c e n t of th e  d e p re s s iv e  e f f e c t  of m a n n o h ep tu lo se , w hich 
i n t e r f e r e s  w ith  i n s u l i n  s e c r e t io n  (S hrago  e t  a l . ,  1 9 6 3 ), on th e  
p rem a tu re  in d u c t io n  of g lu c o k in a se  by g lu c o se  p lu s  h y d ro c o r t is o n e  
observed  by Jam dar and G reengard  ( l9 7 0 ) . In  a d d i t io n ,  th e  e f f e c t  
o f f a s t i n g ,  w hich p roduced  a  tw o -fo ld  g r e a t e r  d e c l in e  i n  g lu c o k in a se  
a c t i v i t y  i n  th e  DDT-exposed g ro u p , would p ro v id e  su p p o r t f o r  an  
a n t i - i n s u l i n  e f f e c t ,  e s p e c i a l l y  as f a s t i n g  w ould a l s o  l i b e r a t e  
DDT s to r e d  in  a d ip o se  t i s s u e  f a t  s t o r e s .  However, th e r e  was no 
d i f f e r e n c e  in  th e  f a s t i n g  le v e l  of p y ru v a te  k in a se  betw een  DDT-exposed 
and c o n t ro l  g ro u p s , a lth o u g h  t h i s  enzyme i s  a l s o  n o rm a lly  c o n t r o l le d  
by  i n s u l i n .
7 » 1 P ropoged r o le  f o r  c y c l ic  AMP in  c h lo r in a te d  h y d ro ca rb o n
induced  e f f e c t s  on h e p a t ic  m e tab o lism . (S in g h a l and Kacew, 1976)
r
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T h u s , th e  most l i k e l y  e x p la n a tio n  f o r  th e  changes o b se rv ed  
rem ains a  p a n c r e a t ic  o r c y c l ic  AMP m ed iated  e f f e c t .  H ow ever, th e  
m easurem ents d e s c r ib e d  in  5 .2 .6  of i n s u l i n ,  c y c l ic  AlvîP and g ly co g en  
in  a p p a re n t ly  s im i l a r l y  t r e a t e d  an im als  d id  n o t p ro v id e  any c o n f irm a to ry  
ev id en ce  f o r  t h i s  h y p o th e s is#
7#2#4 Com parison of th e  e f f e c t s  of DDT and d i e l d r i n  oh norm al 
enzyme d ev e lo p m en t.
The d o ses  of DDT and d i e l d r i n  u sed  i n  th e  c h ro n ic  f e e d in g
s tu d ie s  w ere s e le c te d  w ith  two main p o in t s  in  m ind . F i r s t l y ,
t h a t  th e  le v e l s  sh o u ld  be low enough to  av o id  th e  o v e r t  to x ic
e f f e c t s  w hich  have a l re a d y  been  r e p o r te d  f o r  th e s e  two com pounds,
and s e c o n d ly , t o  t r y  to  use d oses r e le v a n t  to  th o s e  t o  w hich
human in f a n t s  may be exposed th ro u g h  th e  m ilk , th e  two l i m i t a t i o n s
in  f a c t  le a d in g  to  s im i la r  v a lu e s ,  in  v iew  of th e  h ig h  l e v e l s  .
r e p o r te d  i n  some u n d erd ev e lo p ed  c o u n t r i e s ,  and th e  low l e v e l s
r e q u ir e d  to  in d u ce  r e p ro d u c t iv e  a b n o r m a l i t ie s .
The le v e l s  used  a re  a l s o  a p p ro x im a te ly  r e l a t e d  to  t h e i r
r e s p e c t iv e  n e o n a ta l  a c u te  t o x i c i t i e s ,  s in c e  in  th e  new born r a t ,
■ :   ^ : ... 
th e  LDgQ of DDT i s  a t  l e a s t  10 tim es  g r e a t e r  th a n  t h a t  o f d i e l d r i n
(Lu e t  a l . ,  1965p H^rbison, 1975),  g ra d u a lly  d e c l in in g  t o  th e
a d u l t  v a lu e  of ap p ro x im a te ly  a  5-6 f o ld  d if f e re n c e #  In  a d d i t i o n .
d ie ld r i iL  has b een  r e p o r te d  to  have a h ig h e r  cu m u la tiv e  t o x i c i t y  
i n  n e o n a te s  r e l a t i v e  to  b o th  d i e l d r i n  in  th e  a d u l t  and DDT in  
th e  n eo n a te  ( L u  e t  a l ,  1965).
T h u s , i t  sh o u ld  be of i n t e r e s t  t o  compare th e  changes observ ed  
i n  th e  two tr e a tm e n t  g ro u p s , to  p ro v id e  an a ssessm en t o f th e  
d i f f e r e n t i a l  t o x i c i t y  of th e s e  two compounds to  th e  d e v e lo p in g  
n e o n a te ,  w hich i s  th e  p o p u la tio n  r e c e iv in g  th e  h e a v ie s t  en v iro n m e n ta l 
expo su re  to  o rg a n o c h lo r in e  i n s e c t i c i d e s .  From th e  c u r r e n t  w ork , 
i t  would ap p ea r t h a t  n e i th e r  DDT o r in  p a r t i c u l a r  d i e l d r i n  a re  
v e ry  to x ic  as  d e te rm in ed  by th e  use of enzyme p a th o lo g y , a t  le v e ls  
i n  e x c e ss  of th o s e  found in  th e  e n v iro n m en t. D ie ld r in  h ad  l i t t l e  
a p p a re n t e f f e c t  on th e  norm al co u rse  of enzyme d ev e lo p m en t, w h ile  
DDT, w h ile  evok ing  d is tu rb a n c e s  d u r in g  th e  s u c k lin g  and  e a r l y  p o s t -  
w eaning p e r io d ,  w h ich  co u ld  be in t e r p r e te d  on th e  b a s i s  of a  
d is tu rb a n c e  in  th e  p a n c re a t ic  /  c y c l ic  AilP sy s tem , d id  n c t  ap p e a r 
t o  le a d  t o  any perm anent d e te c ta b le  a l t e r a t i o n s  i n  m e ta b o lism  in 
th e  a d u l t .
7 .3  EFFECT ON GLUCOSE METABOLISM IN VIVO AND IN VITRO
7 .3 .1  G lucose tu rn o v e r
There was no s i g n i f i c a n t  e f f e c t  o f e i t h e r  d i e l d r i n  o r  DDT on
-  :  ,  ■
th e  o v e r a l l  r a t e  o f g lu c o se  tu rn o v e r  a s s e s s e d  u s in g  [ H] g lucoses, 
a f t e r  3 days ex p o su re  in  n e o n a ta l  r a t s . -  T h is  was d e s p i t e  th e  lo w er 
b lo o d  g lu c o se  o b s e ^ e d  i n  b o th  th e  c h ro n ic  e x p o su re ' s tu d ie s  (F ig s  
5 .7  and 5 .2 3 ) ,  and th e  s l i g h t l y  low er v a lu e s  seen  in  th e  3 day  a c u te  
DDT s tu d y  (T ab le  6 . 3 ) .  P o s s ib ly  c o n tin u o u s  exposure  i s  r e q u ir e d  
t o  produce s i g n i f i c a n t  changes in  th e  tu rn o v e r  r a t e , r a t h e r  th a n  
j u s t  d u r in g  th e  p e r io d  in  w hich red u ced  b lood  g lu c o se  was o b se rv e d . 
T h is  would p ro v id e  a  good example of th e  im portance  o f c h ro n ic  
fe e d in g  t e s t s  in  s tu d y in g  t o x i c i t y ,  r a t h e r  th a n  j u s t  th e  u se  of 
v e ry  h ig h  ex posu re  over s h o r t  p e r io d s .  I t  would have b een  p r e f e r a b l e  
to  a s s e s s  th e  r a t e  of g lu c o se  tu rn o v e r  in  th e  c h r o n ic a l ly  exposed  
a n im a ls ,  b u t  a t  th e  tim e th e s e  s tu d ie s  w ere c a r r i e d  o u t ,  su ch  
e f f e c t s  w ere n o t a n t i c i p a t e d .
7 .3 .2  L iv e r  p e r fu s io n
The in  v i t r o  s tu d ie s  d id  n o t p ro v id e  any ev id en ce  f o r  th e  
s t im u la to r y  e f f e c t  of DDT on g lu e o n e o g e n e s is  observed  i n  th e  a d u l t  
r a t  (Kacew e t  a l - ,  1 9 7 4 ), pe rh ap s  f o r  th e  re a so n  a l r e a d y  d is c u s s e d
( 6 *3 -2 ) , t h a t  g lu e o n e o g e n e s is  i s  a l r e a d y  a c t in g  a t  th e  maximal r a t e  
i n  th e  n e o n a te ,  and canno t he f u r t h e r  s t im u la te d .  P a r t i c u l a r l y ,  
th e r e  was no ev id en ce  f o r  any i n h i b i t o r y  e f f e c t  of p,p '-D D T on 
g lu c o n e o g e n e s is  in  th e  p e r fu s e d  l i v e r  and th e  i n h i b i t i o n  r e p o r te d  in  
a d u l t  r a t s  i n  v i t r o  (S to ry  e t  a l . ,  1976) m ust be s o le ly  a t t r i b u t a b l e  
t o  th e  e n v iro n m e n ta lly  i n s i g n i f i c a n t  o,p '-D D T isom er u sed  by th e s e  
w orkers*
7 ,4  C r i t i c a l  D is c u s s io n  Of D evelopm ental Enzyme P a th o lo g y  As; A 
P r e d ic t iv e  T o x ic i ty  M ethod.
I t  i s  v e ry  im p o rta n t in  c o n s id e r in g  te c h n iq u e s  f o r  d e te c t in g  
dev e lo p m en ta l t o x i c i t y  t o  remember t h a t  developm ent i s  a  co n tin u o u s  
p ro c e s s  c o v e r in g  th e  w hole tim e from  c o n c e p tio n  to  p u b e r ty ,  and 
th e r e  i s  no s p e c i f i c  tim e when th e  o rg an ism  can be c o n s id e re d  to  
be co m p le te ly  r e s i s t a n t  to  e n v iro n m e n ta l in su lt# -  B ecause of th e  
changes o c c u r r in g ,  th e  d ev e lo p in g  o rgan ism  i s  most s e n s i t i v e  to  
a d v e rse  e n v iro n m e n ta l i n f l u e n t e s .  Mammals have ev o lv ed  an e f f e c t i v e  
sy stem  ivhich p r o te c t s  th e  fo e tu s  from  p h y s ic a l  dam age, and a t  one 
tim e  was th o u g h t to  p r o te c t  i t  a g a in s t  a l l  h a z a rd s .  T h is  i s  now
Imown n o t to  be th e  c a s e ,  and a l th o u g h  th e  m a te rn a l o rg an ism , to g e th e r  
w ith  th e  b a r r i e r  provided , by th e  p la c e n ta ,  i s  p ro b a b ly  a b le  to  
p r o t e c t  th e  d e v e lo p in g  organ ism  from  th e  harm fu l e f f e c t s  o f many 
e n v iro n m e n ta l in f l u e n c e s ,  3 im p o rta n t d is c o v e r ie s  have shown how
     -  , ,
The f i r s t  of th e s e  was th e  work of Warkany and N elson  (1 9 4 0 ) ,
w hich showed t h a t  d i e t a r y  d é f ic ie n c e s  c o u ld  le a d  to ; g r o s s  a n a to m ic a l 
m a lfo rm a tio n s  i n  r a t s . Gregg ( l9 4 l )  r e p o r te d  a h ig h  in c id e n c e  of 
i n f a n t s  w ith  v a r io u s  m o rp h o lo g ica l d e f e c t s  b o rn  to  women in f e c te d  
w ith  r u b e l l a  v i r u s ,  and f i n a l l y  McBride ( l9 6 l )  showed t h a t  th a lid o m id e  
ta k e n  d u r in g  e a r l y  p regnancy  r e s u l t e d  i n  s e v e re ly  m alform ed b a b ie s .  
T h is  work d e m o n s tra te d  t h a t  g ro ss  m a lfo rm a tio n s  r e s u l t e d  from  
expo su re  of th e  f o e tu s  p red o m in an tly  d u r in g  th e  p e r io d  when 
o rg a n o g e n e s is  i s  o c c u r r in g ,  t h a t  i s  from  ab o u t day 18-60 i n  humans 
(W ilso n , 1 9 6 5 ).
However, i t  i s  a l s o  becom ing re c o g n is e d  t h a t  g ro s s  t e r a to g e n ic  
e f f e c t s  a re  on ly  a  sm a ll p a r t  of th e  p o t e n t i a l  h a z a rd  f a c in g  th e  
d e v e lo p in g  o rgan ism  (T hornberg  and M oore, 19 7 6 ). A t l e v e l s  low er
p r e n a t a l  t o x i c i t y  may a l s o  m a n ife s t  i t s e l f  a s  f u n c t io n a l  a b e r r a t i o n s ,
su ch  as  b e h a v io u ra l  o r b io c h em ic a l a b n o r m a l i t ie s ,  w hich  o f te n  may 
rem a in  l a t e n t  b e fo re  b e in g  e x p re sse d  a t  l a t e r  s ta g e s  of developm en t. 
T hese d e f e c ts  c o u ld  be induced  a f t e r  o rg an o g en e s is  i s  c o m p le te , 
and in d e e d  a t  any tim e  u n t i l  developm ent i s  co m p le te . Even i f  
th e  d e f e c t  o ccu rs  a t  an e a r ly  s t a g e ,  th e  consequences may n o t  
m a n ife s t  th e m se lv e s  im m ed ia te ly  s in c e  th e  damaged p ro c e s s  may n o t 
become f u l l y  f u n c t io n a l  u n t i l  l a t e r  l i f e .  T h is  o b v io u s ly  makea> 
e a r l y  d e te c t io n  d i f f i c u l t ,  and a v a r i e t y  of more o r l e s s  s e n s i t i v e  
t o x i c o lo g ic a l  t e s t s  have been  d e v ise d  (se e  1 . 8 . 6) .
The work of Spyker ( l9 7 5 a ,b )  has c e n tre d  on th e  u se  of 
b e h a v io u ra l  t e s t s  to  a s s e s s  th e  to x ic  e f f e c t s  of m eth y lm ercu iy  
on th e  d e v e lo p in g  n erv o u s sy stem , s in c e  t h i s  i s  in d e ed  v e ry  s e n s i t i v e  
t o  en v iro n m e n ta l a g e n t s .  In  th e  absence  of any o v e r t  n e u r o lo g ic a l  
d y s fu n c t io n ,  i t  was shown t h a t  ex posu re  to  m ethy lm ercury  ( 8m g/kg) 
i n  th e  second week of g e s t a t i o n  i n  th e  mouse r e s u l t e d  i n  s i g n i f i c a n t  
d i f f e r e n c e s  in  open f i e l d  and swimming a b i l i t y  t e s t s  c a r r i e d  ou t 
p o s t-w e a n in g . M ethylm ercury  was th e  f i r s t  en v iro n m e n ta l co n tam in a n t 
t o  be p roved  to  have cau sed  d ev e lo p m en ta l d is o r d e r s  w ith  M inam ata 
d i s e a s e ,  w here m o thers  showed no a d v e rse  e f f e c t s  w h ile  t h e i r  
b a b ie s  developed  se v e re  n e u ro lo g ic a l  symptoms (H arad a , 1968; Matsumo to  
e t  a l . , 1 9 6 5 ).
Chang e t  a l .  (1977) have used h is to p a th o lo g y  to  d e t e c t  
d e g e n e ra tiv e  changes a t  e a r ly  d ev e lo p m en ta l s ta g e s  in  th e  b r a in s  
o f newborn r a t s  a f t e r  i n j e c t i o n  by th e  m other on day 8  o f p reg n an cy  
o f 4m g/kg m ethylm ercury*  E xam ination  of th e  b r a in s  im m ed ia te ly  
a f t e r  b i r t h  u n d er th e  e l e c t r o n  m icroscope  showed w id esp read  
p a th o lo g ic a l  changes in  b o th  th e  c e re b e llu m  and th e  c e r e b r a l  c o r te x .  
In  a d d i t i o n ,  s in c e  m ethylm ercury  i s  c o n c e n tra te d  in  th e  l i v e r ,
Ware e t  a l . ( 1 9 7 4 )  looked  a t  u l t r a s t r u c t u r a l  f e a tu r e s  im m ed ia te ly  
a f t e r  b i r t h  in  t h e l i v e r s  of n e o n a ta l  r a t s ,  exposed in. u te r o  t o  
up to  .n e th y le e r c u ^  in je c te d  on day 9 of g e s t a t i o n ,  and
found  v a c u o la t io n ,  in c re a s e  in  ly sosom al p r o f i l e s  and in  many 
c a s e s ,  n e c r o s i s .  E le c t ro n  m icroscope sfcudies showed i n  a d d i t io n  
m ito c h o n d r ia l  d e g e n e ra t io n ,  acc u m u la tio n  of l i p i d  d r o p le t s  and  
d i l a t a t i o n  of th e  endoplasm ic re ticu lu m * . The e f f e c t  on th e  
m ito c h o n d r ia  has b een  s u b s ta n t i a te d  by F ow ler and Woods (1977) , 
who found  v a r io u s  d e g e n e ra tiv e  changes i n  th e  l i v e r  m ito c h o n d r ia  
of 20day o ld  f o e tu s e s  of r a t s  t r e a te d  p r i o r  to  and th ro u g h o u t 
g e s t a t i o n  w ith  up to  iOppm m eth y lm ercu ry .
T h u s, i t  would ap p ea r t h a t  d e s p i te  th e  f a c t  t h a t  n e u r o lo g ic a l  
changes a re  th e  m ost im p o rta n t end r e s u l t  o f m ethy lm ercury  p o ia n n in g , 
changes w i th in  th e  l i v e r  may prove a t  l e a s t  as  s e n s i t i v e  as  e a r ly
m arkers of t o x i c i t y ,  and cou ld  in d e ed  c o n t r ib u te  to  th e  n e u ro lo g ic a l  
d is tu rb a n c e s  o b se rv ed  a t  a  l a t e r  a g e .
The e f f e c t  o f ca rb o n  monoxide ex posu re  d u rin g  g e s t a t i o n  has 
been  a s s e s s e d  u s in g  b e h a v io u ra l s tu d ie s  (F e c h te r  and A nnau, 1977). 
P re g n a n t r a t s  w ere m a in ta in e d  i n  an atm osphere c o n ta in in g  s u f f i c i e n t  
ca rb o n  monoxide to  g iv e  a  m a te rn a l carboxyhaem oglobin  c o n c e n tr a t io n
The n e o n a ta l  r a t s  showed low er m otor a c t i v i t y  l e v e l s  d u r in g  s in e k lin g , 
a s  w e ll  as  a l t e r e d  ca tech o lam in e  a c t i v i t y  and a  r e d u c t io n  i n  
t o t a l  b r a in  p r o te i n  a t  b i r t h .
B ecause th e  g o a l of a b s o lu te  s a f e ty  of en v iro n m en ta l compounds 
and d rugs i s  p ro b a b ly  u n a t t a in a b le ,  th e  e a r ly  d e te c t io n  of d e f e c ts  
becomes of param ount im portance  and o th e r  methods of e a r l y  d ia g n o s is  
of d ev e lo p m en ta l to x ic o lo g y  a re  r e q u i r e d ,  and f o r  t h i s  p u rp o s e , 
G reengard  has d ev e lo p ed  th e  use of "enzyme p a th o lo g y "  d is c u s s e d  
in  1 .8 .7 .
T here have b een  a  few s tu d ie s  of th e  e f f e c t  of v a r io u s  compounds 
on enzyme developm ent i n  th e  n e o n a te , b u t  none have used  c h ro n ic  
exp o su re  to  en v iro n m e n ta l compounds to  a s s e s s  p o s s ib le  d is tu rb a n c e s  
in  norm al d ev e lo p m en t, n o r have a w ide v a r i e t y  of enzyme p a ra m e te rs  
been  s tu d ie d  to  t r y  to  a s s e s s  th e  m echanisms of t o x i c i t y  th ro u g h
a  c o n s id e r a t io n  of th e  im pact on th e  norm al d ev e lo p m en ta l s t im u l i  
in v o lv e d .
D e lV a lle  e t  a l ,  (1978) u sed  a  s u p p re s so r  of a d u l t  p h e n y la la n in e  
h y d ro x y la s e ,  a -m e th y ia m in e , g iv e n  su h c u ta n e o u s ly  to  n e o n a ta l  r a t s  
to  mimic human newborn p h e n y lk e to n u r ia ,  b u t t h i s  i s  an exam ple 
o f th e  u se  of a  s p e c i f i c a l ly - d e s ig n e d  enzyme i n h i b i t o r  to  p roduce  
a  v e ry  s p e c i f i c  d ev e lo p m en ta l e f f e c t ,  r a t h e r  th a n  a p r e d ic t iv e  
t o o l  f o r  d ev e lo p m en ta l t o x i c i t y .
B aquer e t  a l .  (1975) showed t h a t  d i e t a r y  }.in le d  to  an 
e f f e c t  s im i la r  to  su c ro se  o r i n s u l i n  i n  p o s t-w e a n lin g  r a t s ,  by 
a p p e a r in g  to  overcome th e  r e p r e s s io n  by a h ig h  f a t  d i e t  o f th e  
norm al ap p ea ran ce  o f key g ly c o ly t i c ,  l ip o g e n ic  and p e n to se  p h o sp h a te
V ■ : ; . ;
pathw ay enzym es. However, Mn i s  a  p h y s io lo g ic a l  io n  w hich  i s
»a l s o ,  i ^  v i t r o  a t  l e a s t ,  a b le  to  r e p la c e  Mg in  a c t i v a t in g  many 
enzym es, and  in d e e d  may be th e  e f f e c t o r  in  v iv o .
A . . .  K.„„ ...a
of EDTA d e p re s s e d  th e  norm al n e o n a ta l  i n h i b i t i o n  of S -a m in o la e v u l in ic
a c id  s y n th e ta s e ,  b u t  t h i s  i s  th e  s t r a ig h tf o r w a r d  r e s u l t  of th e  
2+EDTA c h e la t in g  Ee , w hich n o rm ally  i n h i b i t s  s y n th e s is  of t h i s  
enzym e.
Rawat gave e th a n o l o r a l l y  to  p re g n a n t and s u c k lin g  r a t s
(R aw at, 1 9 7 6 ). In  a d d i t io n ,  d is tu rb a n c e s  in  th e  l e v e l s  of v a r io u s  
n e u r o t r a n s m it t e r s  w ere o b served  in  th e  b r a in s  of n e o n a te s  s u c k lin g  
from  e th a n o l - f e d  m o th ers  (R aw at, 1 9 7 7 ). However, th e s e  changes 
w ere g e n e r a l ly  of a  s im i la r  n a tu re  to  th o s e  o b served  i n  th e  a d u l t  
t r e a t e d  w ith  e th a n o l .  R e c e n tly ,  Rawat (l9 7 S ) has  shom i t h a t  e th a n o l 
a d m in is te re d  o r a l l y  to  p re g n a n t and s u c k lin g  r a t s  gave r i s e  t o  
in c re a s e d  l i p i d  i n  th e  f o e t a l  and n e o n a ta l  l i v e r .  H owever, m ost 
o f t h i s  was due t o  in c re a s e d  l i p i d  s y n th e s is  in  th e  m a te rn a l l i v e r , 
and th e r e  was no e f f e c t  on th e  n e o n a ta l  d ev e lo p m en ta l p a t t e r n s  of 
enzymes o f  h e p a t ic  f a t t y  a c id  s y n th e s i s ,  n o r  was th e  v i t r o  r a t e  
of in c o rp o r a t io n  of IfO  in to  f o e t a l  o r n e o n a ta l  l i v e r  s l i c e s  
s i g n i f i c a n t l y  changed#
w ork ing  w ith  m e th y lm ercu ry , showed t h a t  ex posu re  of r a t s  on day 
9 of g e s t a t i o n  to  up t o  8mg/kg r e s u l t e d  i n  d e c re a se d  p lasm a g lu c o s e ,  
l i v e r  g ly co g en  and h e p a t ic  g lu c o s e - 6-p h o sp h a ta se  a t  b i r t h .  In  
a d d i t i o n ,  g ly co g en  m o b i l is a t io n  in  th e  im m ed ia te ly  p o s tn a t a l  p e r io d  
was i n h i b i t e d  r e s u l t i n g  in  a p ro found  hypoglycaem ic p h a s e , lo n g e r  
and more pronounced th a n  in  th e  c o n t r o l s .  I t  was s u g g e s te d  t h a t  
t h i s  hypoglycaem ia cou ld  c o n t r ib u te  to  th e  n e u r o lo g ic a l  d is tu r b a n c e s  
o b serv ed  in  l a t e r  l i f e  5 th u s  p ro v id in g  a s e n s i t i v e  e a r l y  i n d i c a t o r
of t o x i c i t y .  T h is  w ork , how ever, in v o lv e d  a c u te  d o s in g  r a t h e r  
th a n  th e  c h ro n ic  expo su re  w hich o ccu rs  w ith  e n v iro n m e n ta l p o l l u t i o n .
F i n a l l y ,  Schauh and F r ie d r ic h - F r e k s a  (1976) i n j e c t e d  a l a r g e ,  
(SOmg/lig) , s in g le  dose of p h é n o b a rb i ta l  i n t r a p e r i  to n e  a l l y  to  p re g n a n t 
r a t s  and th e  f o e t u s e s ,  and found la rg e  changes in  th e  n o rm al p a t t e r n  
o f enzymes of g lu c o se  m e tab o lism . H ow ever, no m echanism  o f  a c t io n  
was r e v e a le d ,  and th e  dose g iv e n  was v e ry  la rg e  r e l a t i v e  t o  i t \ s
p h a rm a c o lo g ic a l e f f e c t .
The o th e r  t i s s u e  w hich has been  s tu d ie d  w ith  r e g a r d  t o  th e  
m e ta b o lic  and enzym ic changes o c c u rr in g  d u r in g  n e o n a ta l  developm ent 
i s  th e  b r a i n .  P a t e l  e t  a l .  ( l9 7 4 a ,b )  fe d  p re g n a n t and l a c t a t i n g  
r a t s  a  d i e t  c o n ta in in g  4 .5 ^  le a d .  T h is  was s u f f i c i e n t  t o  p roduce 
a  r e t a r d a t i o n  in  groifvth r a t e  of th e  n e o n a te s ,  b u t  in  a d d i t i o n ,  
th e r e  w ere a l s o  changes in  th e  norm al d i s t r i b u t i o n  of s e v e r a l  
amino a c id s  in  v a r io u s  p a r t s  of th e  b r a in -  Compart m e n ta t io n  of 
amino a c i d s , w hich  occu rs  d u rin g  th e  m a tu ra tio n  of th e  b r a i n ,  
ta k in g  p la c e  from  day 9-35 in  th e  r a t  (P a t e l  and B a l a z s , 1970) , 
i s  a l t e r e d  by low le v e l  le a d  f e e d in g .
O ther s i t u a t i o n s  in  w hich enzyme p a th o lo g y  co u ld  b e  of v a lu e
a r e  in  th e  a r e a  of n u t r i t i o n a l  d i s o r d e r s , such  a s  th o s e  induced  
by  u n d e r -  and in  p a r t i c u l a r  o v e r - fe e d in g  d u rin g  d ev e lo p m en t. Thus 
D uff and S n e l l  (1978) showed t h a t  o v e rfe e d in g  n e o n a ta l  r a t s  by 
re d u c in g  l i t t e r  s i z e  a t  b i r t h  r e s u l t e d  in  a  p e r s i s t e n t  e l e v a t io n  of 
enzymes of l ip o g e n e s is  in  th e  a d u l t  s t a t e .  Hahn ( l9 7 7 )  showed t h a t  
a r t i f i c i a l l y  m o d ify in g  th e  d i e t  a t  w eaning  le d  to  ch anges i n  l i v e r  
enzyme a d a p ta t io n s  i n  r a t s  i n  re sp o n se  t o  d i e t a r y  c h a l le n g e s  a t  a  
l a t e r  a g e . In  a d u l t  a n im a ls ,  enzyme p a th o lo g y  may h e lp  t o  e x p la in  
some of th e  m e ta b o lic  derangem ents w hich  o c c u r . T h u s, i n  hum ans, 
b io p sy  sam ples of l i v e r  and ad ip o se  t i s s u e  from  m a tu r i ty  o n s e t  d i a b e t i c s  
have been  made and groups of enzymes of g lu c o se  and l i p i d  m etabo lism  
a s sa y e d  in  an a t te m p t to  e x p la in  th e  n a tu re  of th e  l e s i o n  
(B e l f io r e  e t  a l , ,  1974 ; 1975). S im ila r  s tu d ie s  have b e e n  c a r r i e d  ou t i n  
d ia b e t i c  mice ( e g .  Chan and E x to n , 1977) and obese r a t s  ( e g . M a rtin  and 
G ahagan, 1 9 7 7 ).
One of th e  m ost p o t e n t i a l l y  p ro m is in g  u se s  o f enzyme p a th o lo g y  
may b e  in  th e  e a r l y  d ia g n o s is  of c a n c e r ,  s in c e  i n  m a lig n an cy  th e r e  
ap p e a rs  to  be  a  r e v e r s io n  to  th e  f o e t a l  enzyme com plem ent w ith  lo s s  
of a d u l t  ty p e  and g a in  of f o e t a l  enzym es, p a r t i c u l a r l y  i n  f a s t  grow ing 
tu m o u rs . Slow grow ing tum ours w hich a re  l e s s  d e d i f f e r e n t i a t e d  a re  
more l i k e l y  to  have g a in ed  f o e t a l  ty p e  enzymes th a n  t o  have l o s t  a d u l t
ones (see  rev e iw  by Knox, 1 9 7 6 ), Enzyme a n a ly s is  of t i s s u e s  may 
p ro v id e  an  e a r ly  i n d i c a t io n  t h a t  a  tum our i s  d e v e lo p in g , and a l s o '  th e  
d eg ree  of m a lig n an cy  and groivth r a t e  of th e  tum our. I t  may a ls o  
be u s e f u l  in  m o n ito r in g  th e  p ro g re s s  of a n ti- tu m o u r  th e ra p y  i n  
p a t i e n t s  p a r t i c u l a r l y  i f  th e  f o e t a l  ty p e  enzymes escap e  i n t o  th e  
c i r c u l a t i o n  as i n  th e  t r a d i t i o n a l  u se  o f b lood  enzyme a s s a y s  in  
d ia g n o s t ic  and p ro g n o s tic  c l i n i c a l  b io c h e m is t ry .
In  c o n c lu s io n ,  th e  use of enzyme p a th o lo g y  f o r  th e  a s se s sm e n t 
o f th e  t o x i c i t y  o f w id esp read  e n v iro n m e n ta l co n tam in a n ts  i n  th e  
p r e s e n t  work th e  o rg a n o c h lo r in e  i n s e c t i c i d e s ,  does n o t a p p e a r  t o  have 
b een  r e p o r te d  b e f o r e .  T h is  s tu d y  a p p e a rs  to  show t h a t  n e i t h e r  DDT n o r 
d i e l d r i n  a t  "en v iro n m e n ta l"  l e v e ls  of ex posu re  pose a  h a z a rd  t© th e
yuk: '
d e v e lo p in g  r a t .  In  p a r t i c u l a r  d i e l d r i n  w hich  i s  n o rm a lly  c o n s id e re d  
a s  th e  more to x ic  compound, p roduced  e s s e n t i a l l y  no d e t e c ta b le  changes 
i n  t h i s  sy s te m , w h ile  th e  deve lo p m en ta l m o d if ic a t io n s  in d u c e d  by  DDT 
w ere m inor and t r a n s i e n t  in  n a tu re  and d id  n o t  ap p ea r t o  p e r s i s t  i n t o  
th e  a d u l t  s t a t e , a  c o n c lu s io n  w hich c o u ld  have w id e sp re a d  consequences*  
T h u s , i t  may have been  p rem atu re  t o  ban  th e s e  compounds o u t r i g h t  i n  th e  
W est, and th e y  may be a b s o lu te ly  e s s e n t i a l  f o r  p e s t  c o n t r o l  in  th e  
l e s s  p ro sp e ro u s  p a r t s  of th e  w orld# N e v e r th e le s s  an  e f f e c t i v e  means 
of r e g u la t io n  of use  i s  r e q u ire d  s in c e  th e s e  a g e n ts  w ere uridoiihbedly
o v eru sed  i n i t i a l l y ,  and i f  on ly  to  t r y  to  i n h i b i t  th e  s p re a d  of 
i n s e c t  r e s i s t a n c e .  A lthough  i t  would be unw ise t o  e x t r a p o la t e  to o  
w id e ly  from  th e s e  s tu d ie s  w ith  j u s t  d i e l d r i n  and DDT, t h e  much l e s s  
p e r s i s t e n t  an a lo g u e s  of DDT, such  as  m e th o x y c h lo r , s h o u ld  be even  s a f e r ,  
I t  i s  n o te w o rth y  t h a t  no a c c id e n ta l  d e a th s  w ere r e p o r t e d  f o r  
DDT due to  m ish a n d lin g  d u rin g  p ro d u c tio n  o r  i n  u s e ,  w h i le  th e  u se  of 
th e  much more e x p en s iv e  n o n - p e r s i s te n t  s u b s t i tu t e ,  i n s e c t i c i d e s ,  th e
: ■ I
o rganophosphorus and carbam ate i n s e c t i c i d e s  h as  r e s u l t e d  i n  many f a t a l  
a c c id e n t s .  I t  i s  a l s o  i n t e r e s t i n g  t o  n o te  t h a t  many o rganophosphorus 
compounds have b een  shoim to  be em b ry o to x ic  in  mammals ( F i s h ,  1966; 
M cLaughlan e t  a l .  , 1969; R obens, 1969; C ourtney  e t  a l* ^  1 9 7 0 ) ,  w h ile  
DDT has n o t been  shown, to  be t e r a to g e n ic  in  any mammalian s p e c ie s  
(K hera and C le g g , 1 9 6 9 ).
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